NEW MEXICO ENVIRONMENT
DEPARTMENT

Risk Assessment Guidance for Site Investigations
and Remediation

Volume |
Soil Screening Guidancdor Human Health Risk
Assessments

February 2019
(Revision2, 6/1919)



RiskAssessment Guidance for Investigations and Remediation
Volume |
February 2019, Re2 (6/1919)

EXECUTIVE SUMMARY

This guidance document is being developed in coordination with the New Mexico Environment
Department 6s ( NMED) Hazar doGuosndWatey QualitylBureaa au ( H

This guidancelocument sets forth recommended approaches based on current State and Federal
practices and intended for used as guidance for employees of NMED and for facilities within the
State of New Mexico.

In the past, the material contained within this documeistexk inmultiple guidanceand/or
position papers In order to streamline the risk assessment process and ensure consistency
between guidandgosition paperghese documents have been combinedonedocument:

Risk Assessment Guidance for Site Invastgs and Remediation

TheRisk Assessment Guidance for Site Investigations and RemedatiaiDecember 2018
replaces and supersegesvious versions of this documexst well as the following documents:

1 Technical Background Document for Developtre#rSoil Screening LevelRevision
6.0, 2012,

1 New Mexico Environment Department TPH Screening Guideldasber 2006and

RiskBased Remediation of Polychlorinated Biphenyls at RCRA Corrective Action Sites
NMED Position Paper, March 2000.

1 Guidance for Assessing Ecological Risks Posed by Chemicals: Screnelg
Ecological Risk Assessmeharch 2006and 2008

This Risk Assessment Guidance for Site Investigations and Remediatiganized into two
volumes.

1 Volume I7 Soil Screening Gidancefor Human Health Risk Assessments

1 Volume II- Soil Screening Guidance f&rcological Risk Assessments

Volume Ipresentsnformation related to conducting screening level human health risk
assessment®reviously the soil screening levels (SSlwsgre available ithe Technical
Background Document for Development of Soil Screening Lewdisthe screening levels for
total petroleum hydrocarbons (TPttgrefound in theNew Mexico Environment Department
TPH Screening GuidelinesNow both are contained in Volunie Volume | alsancludesSSLs
for select Aroclorscongeners of polychlorinated biphenyls (PCBagjal petroleum
hydrocarbons (TPHand chemica of emerging concetn
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Volume Il provides guidance for conductiagobgical risk assessments atwhtainsguidance
that wagpreviously contained in th@uidance for Assessing Ecological Risks Posed by
Chemicals: Screeninbevel Ecological Risk Assessméaviirch 20@.
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SUMMARY OF CHANGES

The following tables u mmar i z e s cRislkhAsgesssent Guidande for Irfvestigations
and Remediation,Volumel. Specific changes are as follows:

VOLUME |
SOIL SCREENING GUIDANCE FOR HUMAN HEALTH RISK ASSESSMENTS
ltem | Section | Change
November 2014
1 | Global Update default exposure parameters; includes changes to te
tables, equations, and soil screening levels in Appendix A
2 | Global General edits and clarifications
3 | Table of Acronyms| Updated
4 | Table of Contents | Updated
5 | Summary of Addednew section summarizing changes to docurbgnt
Changes revision number and date
6 | Section 1.2.1 and | Addition of tapwater expos\&, vapor intrusion and beef
Table 11 ingestion pathways
7 | Section 2.1 Additional chemicakpecific information added falarification

Includes changes or additions to dioxin/furans, polychlorinate
biphenyls (PCBs), hexavalent and total chromium, vanadium
xylene, phenanthrene, and polycyclic aromatic hydrocarbons

(PAHSs)

8 | Section 2.1.7 Section addedddressingmerghng contaminants

9 | Section 2.2.1 and | Incorporated carcinogenic and mutagenic effects to calculatig

Equations 1217 trichloroethylene (TCE) specific soil screening levels

10 | Section 2.4 Modified to include dermal expage

11 | Equation24-26 Equations were modified and added to include dermal contac
with tap water pathway

12 | Equation Z Changed noncarcinogenic exposure parameters from adult

exposure to child exposure (tap water)

13 | Equations 2B0 Added dermapathway to equations for vinyl chloride and
and Equations 31 | mutagens

35

14 | Section 2.5 Section added addressing the vapor intrusion pathway and
derivation of vapor screening levels

15 | Section 2.6 Section added describing the evaluation of the beef ingestion
pathway

16 | Sedion 2.7.2 Section added describing background threshold values

17 | Section 2.7.3 Clarification added on determination of constituents of potent
concern

18 | Section 21.7 Section added providing guidance for calculation of expesure
point concentrations

19 | Section 3.4 Added list ofsourcesusedfor derivingchemical property
information
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20 | Section 5.0 Clarification added to text on the use of the SSLs
21 | Section 5.1 Section added describing chromium speciation and tiered
approach taising chromium screening levels
22 | Section 5.2 Section added describing derivation of screening levels for
essential nutrients
23 | Section 6.0 Updated Total Petroleum Hydrocarbon (TPH) methodology;
removed groundwater screening levels.
24 | Section 7.0 Updated references
25 | Table A1 Updated NMED screening levels
26 | Table A2 Updated default exposure parameters
27 | Table A3 Table added displaying vapor intrusion screening levels
28 | Tables B1 and B2 | Updated chemical property information witferences added
29 | Table B3 Table added showing input parameters and chemical propert
for dermal tapwater pathway
30 | Table C1 Updated toxicity data
April 2015
31 | Section 2.7.7 | Updatepreferredmethod for handling nedetects
January 2017
1 | Global Updated toxicity datancludes changes to text, tables, equatio|
and soil screening levels in Appendix A
2 | Section 1.3 New section addressing use of the guidance and screening l¢
3 | Section 2.1 Added information of application of a relative bioavailability

correction factor in the calculation of soil ingestion screening
levels for arsenic.

4 | Section 2.1 Added equation for calculation of toxicity equivalents for
dioxin/furan congeners

5 | Section2.1 Added discussion on essential nutrients

6 | Section 2.1 Added discussion ongpfluorinated compounds

7 | Equation 27 Updated ge-adjusted dermal exposure factor

8 | Equation 36 Updated ge-adjustedtap waterdermalexposurefactor,mutagens

9 | Section 2.3.3 Clarification on use of lead screening levels

10 | Section 2.5.1 Updated attenuation factors

11 | Section 2.5.2 Added discussion on use of thehnson and Ettinger (J&Bulk
soil model

12 | Section 2.5.2.3 Clarified steps fomnalysis of the vapor intrusion pathway.

13 | Section 2.6 Due to issues with the preliminary remediation goal calculato

the beef ingestion pathway, requirement for a quantitative
assessment removed; onlgaalitativeanalysis igequired.

14 | Section2.7 Section rewritten to address only site assessment and provid
guidance on datquality objectives and background threshold
values (BTVs).

15 | Section 2.8 New section addressing site characterization, conceptual site
models, and exposunatervals.
16 | Section 2.8.3.1 New section omleterminingconstituentof potential concern

(COPCs) for organics armhemicalsvithout background data.
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17

Section 2.8.3.2

New section on comparison to BTVs using discrete data.

18

Section 2.8.3.3

New sedbn on comparison to BTVs using incremental sampl
methodology (ISM) data.

19 | Section 2.8.5.2 Added section for determination of UCLs for ISM data.

20 | Section 4.9 Added allowance of additional lines of evidence for migration
groundwater

21 | Section 5.0 Clarification of how to assess risks/hazard to chensiegih both
forms of toxicity

22 | Section 5.2 Added text and new equatitmclarify how to assess risk from
essential nutrients.

23 | Section 6.1 New screening levels farPH fractiors

24 | Appendix A, Table | Screening levels for both carcinogenic and noncarcinogenic

A-1

toxicity provided for alichemicalgprevious versions only listed
more conservative level).

Added soito-groundwater migration screening levels based @
New Mexico Water Qualitstandardsind/or Federal Maximum
Contaminantevels.

Updated toxicity dateelso added information of application of
relative bioavailability correction factor in the calculation of sg
ingestion screening levels for arsenic.

25 | Appendice®A -C, | Screening levels have been added for the followhmmicals
New Chemicals alachor, atrazine, carbofuran, cobalt, dimethyl phthalate,
glyphosate, dmethylnaphthalene -thethylnaphthalene,
nitrophenol, perfluorinatedhemicals, perfluorohexane sulfonic
acid, perfluoroctane sulfonateperfluorooctanoi@cid, simazine,
and pxylene.
February 2019

1 | Sectionl1.3 Clarified text for Step 1, determining COPCs.

2 | Table 26 Added thesoil-to-groundwater pathway

3 | Section 2.8.3 Added clarifcationon handlingduplicates.

4 | Section 2.8.3.2 Updated to refleabrganicsand chemicals with background dat:
Includes new Sections 2.8.3.2.1 and 2.8.3.2.2 and additional
clarifications on how to conduct site attribution analyses.

5 | Section 2.8.4 Modified Section to address initial and refined exposure point
concentrations

6 | Section 4 Revised terminology for SSLs for the statgroundwater
pathway to reflect target leachate concentrations. Included
addition of Equation 58 to address how to iasget leachate
concentrations compared to site data.

7 | Section 5 Added clarifiation that overall risk and hazard calculations
exclude the soito-groundwater pathway.

8 | Table 51 Updated essential nutrient levels

9 | Section 5.3 New section oPFAS including preliminary screening levets

PFOA, PFOS, and PFHXxS.
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Table 62 Added a SSL for gasoline
9 | Table 64 Updated terminology to reflect target leachate concentrations
Updated groundwater SSLs and-SELs and added values for
gasoline
10 | Appendix A, Table | Revised table to only list target leachatecentration to be usec
A-1 in initial screening assessmenisdded clarification on lead.
11 | Appendix A, Table | Added table showing calculation of all target leachate
A-3 concentrations.
12 | Updatedoxicity RDX
13 | Appendix E Added supporting information on PFHXS
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1.0 INTRODUCTION

The New Mexico Environment Department (NMED) Hazardous Waste Bureau (HWB) and the
Ground Water Quality Bureau (GWQB) have developed this soil screening guidance (SSG) for
internal department useithin corrective action programs. The SSG discusses theoohabgy

used to derive chemicapecific soil screening levels (SSL&pwater screening levels, and

vapor intrusion screening levels (VISLdn addition, guidance is provided to assist in

identifying and evaluating appropriate exposure pathwaysemegptors. Finally, this document
provides generic SSL$ap water SLs, and VISlisr chemicals commonly found at

contaminated sites based on default exposure parameters under residentiatrasaiannal
land-use scenarios.

The SSG provides site margag with a framework for developing and applying the SSLs and is

likely to be most useful for determining whether areas or entire sites are contaminated to an

extent that warrants further investigation. It is intended to assist and streamline the site
investigation and corrective action process by focusing resources on those sites or areas that pose
the greatest risk to human health and the environment. Implementation of the methodologies
outlined within this SSG may significantly reduce the time necg$saromplete site

investigations and cleanup actions at certain sites, as well as improve the consistency of these
investigations.

Between various sites there can exist a wide spectrum of contaminant types and concentrations.
The level of concern assated with those concentrations depends on several factors, including
the likelihood of exposure twoncentrations that could impdaiman health or ecological

receptors. At one end of the spectrum are levels that clearly warrant a response action; at the
other end are levels that are below regulatory concern. Appropriate cleanup goals for a site may
fall anywhere within this range depending on-sipecific conditions.Screening levels such as

SSLs identify the lower end of this spectrurevels belowwhich there is generally no need for
further conceré provided the conditions associated with the development of the SSLs are
consistentvith the site being evaluatedt is important to note that SSLs do not in themselves
represent cleanup standards, #r@lSSLs alone do not trigger the need for a response action or
define Aunacceptabled | evels of contaminati on

1.1 Organization of the Document

The NMED SSG is organized into five major sections with supporting appendices. The
remainder of Sectiofh addresses the purpose of the NMED SSLs and outlines the scope of the
document. Section 2 outlines the receptors, exposure pathways, and exposure assumptions used
in calculating the NMED SSLs. It also discusses the risk levels on which the SSLs are

predicated and presents the SSL model assumptions. Finally, Section 2 discusses site
assessment/characterization activities that should be completed prior to comparing site
contaminant concentrations with SSLs. These activities include development dfiaédta q
objectives, conducting site sampling, preparation of a preliminary conceptual site model (CSM),
and identification of contaminants of potential concern (COPCs). Section 3 provides a detailed
description of the process used to develop patkspagifc SSLs. Included in this section is a
discussion of the human health basis for the SSLs, additive risk, and acute exposures. Additional
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topics discussed in Section 3 include chemical specific parameters used to develop the SSLs and
calculation ofvolatilization factors, particulate emission factors and soil saturation limits.
Section 4 presents methodologies for assessing the potential for migration of contaminants to
groundwater from contaminated soil in concert with generic andséeific leachingnodels.
Section 5 addresses special use considerations for addressing contaminant concentrations in soll
and notes specific problems that can arise when applying the SSLs to specifiEinay,
Section 6 addresses the screening criteria that should be applied\attkifestentialpetroleum
releases Soil and tap water screening levids contaminants are presented in Tablé Af
Appendix A. Table A2 of Appendix A presents the defit exposure factor values used in the
generation of the NMED SSLd able A3 presentsil derived &rget soil leachate
concentrations Screening levels for the vapor intrusion pathway are presented in T-aldé A
Appendix A. Physicalchemical valuesisedin the calculation of the SSLs are presented in
TablesB-1, B-2, and B3 of Appendix B. Toxicity criteria are presented in Tabid Gf
Appendix C. Additional discussion of polychlorinated biphengfCBs)is provided in
Appendix D. Appendix E proides recommendations for evaluating potential risk and hazard
from perfluoroalkytompounds

1.2 Scope of the Soil Screening Guidance

The SSG incorporates readily obtainable site data and utilizes methods from various United
States Environmental Protection Agency (US EPA) risk assessment guidance and derives site
specific screening levels for selected contaminants and exposure pattiesyattributes of the
SSG include default values for generic SSLs wherespigeific information is unavailable, and

the identification of parameters for which sgjgecific information is needed for the development
of sitespecific SSLs. The goal ofdlSSG is to provide a consistent approach for developing
site-specific SSLs for evaluating facilities under the auspices of the corrective action process
within NMED.

The NMED SSLs are based on aQktarget risk for carcinogens, or a hazard quotieht@for
noncarcinogens. In instances where an individual contaminant has the capacity to elicit both
types of responsebpth SSLsare provided SSLs for migration to groundwater are based on
NMED-specific tapwvater SSLs As such, the NMED SSLs seras a generic benchmark for
screening level comparisons of contaminant concentrations in soil. NMED anticipates that the
SSLs will be used as a tool to facilitate prompt identification of those contaminants and areas
that represent the greatest risks tanhn health and the environment. While concentrations

above the NMED SSLs presented in this document do not automatically designate a site as
Acontaminatedo or trigger the need for a resp
exceeding screengrlevels suggest that further evaluation is appropriate. Further evaluation may
include additional sampling toettercharacterize the nature and extent of contamination,
consideration of background levels, reevaluation of COPCs or associated risk andusazy
site-specific parameters, and/or a reassessment of the assumptions associated with the generic
SSLs (e.g., appropriateness of retgeoute extrapolations, use of chronic toxicity values to
evaluate childhood and constructisorker exposures).

Prior to calculating site-specific SSLs, each relevant chemical specific parameter value and
toxicological datum should be checked against the most recent version of its source to
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determine if updated data are available.

If a NMED SSL is not listed faa given chemical, other souraafsscreening level should be
consulted, such as th#S EPARegional Screening LevelRELY (US EPA 2018aor most

curren}, or a review of toxicological data should be conducted and if avaikalslereening level
calculated for that given chemicalCare should be used when other sources of screening levels
are used to ensure that target risk/levels used in development of the levels are consistent with
those applied by NMEDForexample, thé&JS EPA carcinogenic RSLs are based on albE

risk level and must be adjusted to aQ%risk level for useRSLs for noncarcinogens are
provided for hazards of 1.0 and 0.1; the RSLs based on a hazard quotient of 1.0 should be
applied.

1.2.1 Exposure Pathways

A complete exposure pathway consists of (1) a source, (2) a mechanism of contaminant release,
(3) a receiving or contact medium, (4) a potential receptor population, and (5) an exposure route.
All five elements must be present for the exposure pathwag tofisidered complete.

SSLs have been developed for use in evalusvgralexposure scenarios representing a

variety of potential land uses: residential, commercial/industrial, and construction. The SSG
presents lists of potential pathways for eaclmade, though these lists are not intended to be
exhaustive. Instead, each list represents a set of typical exposure pathways likely to account for
the majority of exposure to contaminants in soibther mediat a given site. These include:

Direct (@ndincidental) ingestion of soil,
Dermal contact with soil,
Inhalation of volatiles and fugitive dusts from contaminated soil,

=A =_ =4 =4

Migration of chemicals through soil to an underlying potable aquifer or skatming
unit,

==

Ingestion of tap water durirdpmestic use,
1 Dermal contact with tap water during domestic,use

T Inhalation of volatile organic compounds (VOCSs) volatilized from tap wateliniiwor
air during domestic use,

T Inhalation ofvolatilesin indoor air via the subsurface vapor intrusion payand
1 Ingestion of potentially contaminated beef.

Under some sitgpecific situations, additional complete exposure pathways may be identified.
In these cases, a s#pecific evaluation of risk is warrantedderwhich additional exposure
pathways caibe considered. If other land uses and exposure scenarios are determined to be
more appropriate for a site (e.ggme gardeninggecreational land usaunting,andbr Native
American land use), the exposure pathways addressed in this document smoodtifieel or
augmentedccordingly or a sitspecific risk assessment should be conducted. Early
identification of the need for additional information is important because it facilitates
development of a defensible sampling and analysis strategy.
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The expsure pathwayaddressed in this guidanaee presenteldy landuse scenarion Table &
1.

Table 1-1. Exposure Pathways Evaluated in Soil Screening Guidance

Potential Exposure Pathway Residential | Commercial | Construction
/Industrial

Directingestionof soil P P P
Dermal contactvith soll P P P
Inhalation ofdust and volatiles from soi P P P
Inhalation of VOCs fronvapor intrusion P P --
Ingestion oftapwater P - -
Dermal contact with tap water P -- --
Inhalation of VOCs volatilized frortap = B B
water during domestic use

Ingestion of beef P - -

1.2.2 Exposure Assumptions

SSLs represent riskiased concentrations in soil derived from equations combining exposure
assumptions with toxicity criterillowing theUSEPA s pr ef erred tiered hi e
toxicological data The models and assumptions used were developed to $istenhwith the
Superfund concept of fAr easonadnd2009nThigxis mum expo
intended to provide an uppbound estimate of chronic exposure by combining both average and
conservative (i.e., 90to 953" percentile) values in the lcalations. The default intake and

duration assumptions presented here are intended to be protective of all potentially exposed
populations for each land use consideration. Exposure point concentrations in soil should reflect
either directly measured estimated values using fate and transport mod#lsen assessing

chronic, longterm exposures, the maximum detected site concentisdtmnid baused for an

initial screen against the §& A more refined assessment may include usa e$tmate of the

averagd 95 percent upper confidence leyeICL) of the meahconcentrationf sufficient site

dataare availableo allow for an accurate estimation of tH€L. Where the potential for acute

toxicity may be of concern, estimates based on the maximunsesgmay be more appropriate.

The resulting estimate of exposure is then compared with chespieaific toxicity criteria. To
calculate the SSLs, the exposure equations and pathway models are rearrangedaicudatk
an faccept acbntaminantensallcodrespohdingto a specific level of target risk or
hazard.

1.2.3 Target Risk and Hazard

Target risk and hazard levels for human health are risk managbaset criteria for

carcinogenic andoncarcinogeis responses, respectively, to elehine (1) whether sitgelated
contamination poses an unacceptable risk to human health and requires corrective action or (2)
whether implemented corrective action(s) sufficiently protects human health. If an estimated
risk or hazard falls within the iget range, the risk manageust decide whether or not the site
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poses an unacceptable riskhis decision shouldonsidertthe degree of inherent conservatism or
level of uncertainty associated with the sifeecific estimates of risk and hazard. Anmeated
risk that exceeds these targets, however, does not necessarily indicate that current conditions are
not safe or that they present an unacceptable risk. Rather, a site risk calculation that exceeds a
target value may simply indicate the need fortfartevaluation or refinement of the exposure
model.

For cumulative exposure via the ingestion, inhalation, and dermal pathways, toxicity criteria are
used to calculate an acceptable level of contamination in soil. SSLs are based on a carcinogenic
risk level of onein-onehundred thousand (185) and aaoncarcinogeie hazard quotient of.Q.

A carcinogenic risk level is defined as the incremental probability of an individual developing
cancer over a lifetime as a result of exposure to a potential egerin Thenoncarcinogeic

hazard quotient assumes that there is a level of exposure below which it is unlikely for even
sensitive populations to experience adverse health effects.

1.2.4 SSL Model Assumptions

The models used to calculate inhalation exposodepaotection of groundwater based on
potential migration of contaminants in soil are intended to be utilized at an early stage in the site
investigation process when information regarding the site may be limited. For this reason, the
models incorporate mumber of simplifying assumptions. For instance, the models assume an
infinite contaminant source, i.e. a constant concentration is maintained for the duration of the
exposure period. Although this is a highly conservative assumption, finite sourcks negere
accurate data regarding source size and volume. Such data are unlikely to be available from
limited sampling efforts. The models also assume that contamination is homogeneous
throughout the source and that no biological or chemical degrada&ions. Where sufficient
site-specific data are available, matetailed finitesource models may be used in place of the
defaultmodelassumptions presented in this SSG.

1.3 How to Usethe Guidance in Volume |

The intent of this guidance is to streamlihe tisk assessment process using a\siep
approach.Thehuman healtiscreening level risk assessmehould be performedfter nature
and extent o€ontaminatiorhas been fully defined. Themgral steps for conducting tiheman
healthscreening risk assessment are:

Step 1: Determine constituents of potential concern (COPCs). imbisdes conducting a site
attribution analysis andlimination of some conistients througltomparison of site
concentrationgo background levels.

Step 2: Compare maximum detectsde concentrations for COPCs to appropriate SSLs for
each receptorNote that aeviewof TableA-1is required, as a chemical may present
both carcinogenic and noncarcinogenic héaxiicity. Comparison to both screening
levels if available,is required.

1 If theresulting Hazard Index (H(sum of all hazard quotients, HQs)less than
1.0, stop no additional assessment for noncarcinogens is neéddede to Step
5.



RiskAssessment Guidance for Investigations and Remediation
Volume |
February 2019, Re2 (6/1919)
1 If resulting cacer risk(sum of all cancer risks3 less than 115, stop no
additional assessment for carcinogens is requikéole to Step 5.

Note: risks/hazards across all appropriate pathways must be inahuthedtomparison
to NMED target levels of 1 anbE-05. Any riskhazard from vapor intrusioor other
site-specific pathwaynustbe added to theummedisk/hazardcalculatedusing the
SSLs. The beef ingestion pathway should be addressed in the Uncertainty Section.

Step 3: If Step 2 results in adversisk/hazard, calculate refined exposure point concentrations
(EPCs).

Step 4: Compare EPCs to the appriate SSLs for each receptor:
1 If theresulting Hazard Index (HI) is less than 1.0, stapadditional assessment
for noncarcinogens is needelllove to Step 5.
1 If resulting cancer risk is less than-0B, stop no additional assessment for
carcinogens is required. Move to Step 5.

Step 5: Compare the site concentrations to the-sBiroundwatetarget soil leachate
concentrationgbased on a tition attenuation factor of 20). Maximum detected
concentrations should be applied first, followed by use of a refined EPC and/or site
specific dataif the initial comparisomesults in an exceedance of the applicabletsell
groundwatetarget soil leahate concentrations

Step6: Discuss Uncertainties

Step7: If Step 4and/or Step Besults in excess risk/hazard potential to impact groundwater
conduct additionasite-specificrefinements of the assessment and/or implement
corrective actions.

Volume Il contains guidance for conducting the ecological screening assessment.

2.0 DEVELOPMENT OF PATHW AY SPECIFIC SOIL SCREENING LEVELS

The following sections present the technical basis and limitations used to ekSilattap
waterscreenindevels SLs), andVISLs for residential, commercial/industrial, and construction
land use scenarios. The equations used to evaluate inhalation and migration to groundwater
include a number of easily obtainable specific input parameters. Where sigecific data are

not available, conservative default values are presented. The equations used are presented in
Sections 2.2hrough 2.6 Generic SSLand tap water screening levelecalculated using these
default valuesandare presented in Table-Pof Appendix A. Vapor intrusion screening levels
were calculated for chemicals considered toxic and volatile and are presented in-flable A

2.1 Human Health Basis

The toxicity criteria used for calculating the SSLs are presented in Tablef Gppendix C.
The selected toxicity values were based on chronic expo$teeprimary sources for the
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human health benchmaridlow the US EPASuperfund programteredhierarchy of human
health toxicity values (UEPA 2003) AlthoughtheUS EPA 2003 identifi¢ severalTier 3
sources, a hierarchy among the Tier 3 sounaeot assignetty theUS EPA Forthe
calculation of NMED SSLghe following hierarchy aources was applied in the order listed
and issimilar tothe hierarchytilized in the calculationof U PA6s RSL s2064JS EPA,

1) Integrated Risk Information System (IRIS) (US ERA18H (www.epa.qov/iri,

2) Provisional peer reviewetbxicity values (PPRTVshhttp://hhpprtv.ornl.goy/and
appendices

3) Agency for Toxic Substances and Disease Registry (ATSBW®)://www.atsdr.cdc.goy/
and minimal risk levels (MRLghttp://www.atsdr.cdc.gov/mrls/index.gsp

AHCal i f or n ifie of EfRvitodnsentd &and Health Hazard Assessment values
(CalEPA)(http://www.oehha.ca.gov/air/allrels.ht@hd
http://www.oehha.ca.gov/risk/pdf/tcdb072109alpha).patid

5) Health Effects Assessment Summary Tables (HEAST) (US EPA 1997a).

Specialassumptions were also applied in determining appropriate toxicological datatiin
chemicals.

Dioxins/Furans Toxicity data for thedioxin and furan congenevgere assessed using the
2005 Wor |l d He al(WHO)t®icity equivialznaytfactar (TEF (Van den
berg, etal 2006)and aresummarized in Table-2. When screening risk assessments are
performedfor dioxins/furansat a site, the TEFs Table 21 should be applied tthe
analytical resulteand summed for each sample locatithre sumor toxicity equivalent
(TEQ) as calculated using Equationshould becompared to theIMED SSLfor 2,3,7,8
Tetrachlorodibenzg-dioxin (TCDD).
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Equation 1

Calculation of Toxicity Equivalents for Dioxin and Furan

TEFi

Ci
TEQ

Congeners
“YO'OO0 YOO

"YOO& “YOO

Congeneispecifictoxicity equivalency factor
(Table 21)
Congeneispecific concentration
Toxicity Equivalent
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Table 2-1. Dioxin and Furan Toxicity Equivalency Factors

Dioxin and Furan Congeners | TEF

Chlorinated dibenzp-dioxins
2,3,7,8TCDD 1
1,2,3,7,8PeCDD 1
1,2,3,4,7,8HdxCDD 0.1
1,2,3,6,7,84XCDD 0.1
1,2,3,7,8,HXCDD 0.1
1,2,3,4,6,7,8pCDD 0.01
OCDD 0.0003

Chlorinated dibenzofurans
2,3,7,8TCDF 0.1
1,2,3,7,8PeCDF 0.03
2,3,4,7,8PeCDF 0.3
1,2,3,4,7,8HxCDF 0.1
1,2,3,6,7,8HXCDF 0.1
1,2,3,7,8,HXCDF 0.1
2,3,4,6,7,8HxCDF 0.1
1,2,3,4,6,7,8HpCDF 0.01
1,2,3,4,7,8, HpCDF 0.01
OCDF 0.0003

Polychlorinated biphenyl$2CBg. Toxicity data forAroclorswere taken fronthe IRIS

databaseAroclor 1016 is considered low risk; therefore, toxicity values deemed as

il owe st

such,

t oXxi

Ci

ty

val ues

as

r i s kitivasvassunmed thap the other Aroclorarehigh risk; as
deemed

Ahi ghest

Toxicity datafor thedioxin-like PCBs were calculated relative to 2,3;T@DD toxicity.
TEFs fornontortho[International Union of Pure and Applied ChemigiiyPAC)
numbers 7781, 126, and 1694nd moneortho congenerdUPAC numbers 105, 114,
118, 123, 156, 157, 167, and 18&re assessed using the 2005 WHO J@&fan den
Berg et al 2006) while TEFs for dirtho congenerdUPAC numbers 170 and 188je

r

s k
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taken from Ahlborget al, 1993(seeTable 22).

Table 2-2. PCB TEFs

IUPAC No. Structure TEF
77 3,3',4,4TetraCB 0.0001
81 3,4,4' 5TetraCB 0.0003

105 2,3,3',4,4PeCB 0.00003
114 2,3,4,4',5PeCB 0.00003
118 2,3.,4,4' 5PeCB 0.00003
123 2'3,4,4'5PeCB 0.00003
126 3,3.,4,4',5PeCB 0.1

156 2,3,3,4,4' 5HxCB 0.00003
157 2,3,3',4,4' 5HxCB 0.00003
167 2,3'.4,4'55HxCB 0.00003
169 3,3,4,4'55HXxCB 0.03

189 2,3,3,4,4',5,5HpCB 0.00003
170 2,2',3,3,4,4' 3HpCB 0.0001
180 2,2'3,4,4'55HpCB 0.00001

Arsenic The SFo and RfDfor arsenic were multiplied by a relative bioavailability
correction factor of 0.6 in the calculation of the SSLs for ingestion of Bailative
bioavailability accounts for differences in the bioavailability of a contaminant between
the medium of expase (soil) and the media associated with the toxicity value. The
factor is applied in the derivation of soil ingestion screening levels because the arsenic
RfD and CSF are derived from drinking water studies (US EPA,8016

Cadmium IRIS providesanoral reference dose (RfD) for both water and food. For
deriving the tap water SSL, the RfD for water was applied and for thbas®ld SSL, the
RfD for food was applied.

Vanadium The oral reference dose (Rffbr vanadium was calculated based on the
RfDo for vanadium pentoxidandfactoring out the molecular weight of the oxide ion.

Lead An SSL was not calculated for lead. Rathlee, S EPA recommended levels for
lead, based on bloddad modelinglftegratedexposure Uptake Biokinetic Model,
IEUBK) wereappliedfor the residential scenarios and industrial/construction workers
(Adult Lead Methodology)

Total Chromium Toxicity datafor total chromiumwere adjustetbased on a ratio of 1.6
(hexavalent chromiurto trivalent chromiun. If there is reason to believiat this ratio
for total chromium is not representativiestte conditions, then valengpecific site
concentrations an8SLsfor trivalentchromium(chromium (1)) andhexavalent
chromium(chromium 1)) should beapplied See Section 5.1 for further information on
the use of chromium screening levels.
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Chromium(V1). The oral cancer slope factor selected for chron(uhpis based on a
publication bythe New Jersey DepartmeritEnvironmental Protection (NJDEEntitled
Derivation of IngestiorBased Soil Remediation Criterion for €Based on the NTP
Chronic Bioassay Data for Sodium Dichromate Dihydi@pril 8, 2009) This
publicationpresents cancer potency values derived from aywes doseesponse study
conducted by the National Toxicology Program (2008JDEP derived an oral cancer
potency value of 0.5 mg/kday forchromium(VI). See Section 5.1 for further

information on theuse of chromium screening levels.

Theinhalation unit risk lUR) factorfor chromium(VI1) was derived by multiplying the
total chromium IUR byseven (7)o account fome chrome speciatioratio of 1.6

(chromium (VI)to chromium (lll)). SeeSection 5.1 for further information on the use of
chromium screening levels.

Xylenes Toxicity criteria for xylene( mi xt ur e)

from US EPAOGS

surrogate values for the three isomers of xyleneg/igne, mxylene, and gxylene)
based on structural similarity

Essential NutrientsToxicity for the essential nutrients (calcium, chloride, magnesium,
phosghorus, potassium, and sodiumdsbased on dietary guidelines. See Section 5.2 for
further information on how the essential nutrient screening levels were developed and

how to use these levels.

PhenanthreneBased orstructural similarity, toxicitydatafor pyrene were used as
surrogate values for phenanthrene.

Polycyclic aromatic hydrocarbons (PAHsY oxicity data for PAHs were calculated by

applying TEFs relative to benzo(a)pyrerkhe selected TEFs presented in US EPA
(1993 were applied in the calculation of NMED SSLs and are listed in TaBle 2

Table 2-3. Polycyclic Aromatic Hydrocarbon Toxicity Equivalency Factors

Polycyclic Aromatic TEF
Hydrocarbon

Benzo(a)pyrene 1.0
Benzo(a)anthracene 0.1
Benzo(b)fluoranthene 0.1
Benzo(k)fluoranthene 0.01
Chrysene 0.001
Dibenz(a,h)anthracene 1.0
Indeno(1,2,&d)pyrene 0.1

Perfluorinated Compound$erfluorinated compounds are consideargemerging

contaminant. Thesacludeperfluorohexane sulfonic acid (PFHx$grfluorooctane
sulfonate (PFOS)andperfluorooctanoic acid (PFOAAdditional discussion of
perfluorinated compounds amdcommendations on assessingmin risk assessmenis

provided in Sectio®.3.
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2.1.1 Additive Rsk

It is important to note that no consideration is provided irc#heulation of individual NMED

SSLs for additive risk when exposures to multiple chemicals occur. The SSG addresses this
issue in Section 5. Because the NMED SSLs for carcinogenic effects corresponddb aske

level individually, exposure to multiple contaminants may resultaanaulative site risk that is
above the anticipated risk management range. While carcinogenic risks of multiple chemicals
are simply added together, the issue of additive hazard is more complex for noncarcinogens
because of the theory that a thresholdteXis noncarcinogenic effects. This threshold is

defined as the level below which adverse effects are not expected to occur and represents the
basis for the RfD and reference concentration (RfC). Since adverse effects are not expected to
occur at the RD or RfC and the SSLs are derived by setting the potential exposure dose to the
RfD or RfC, the SSLs do not address the risk of exposure to multiple chemicals at levels where
the individual chemicals alone would not be expected to cause any adverse éffscish

cases, the SSLs may not provide an accurate indicator for the likelihood of harmful &f&eats.
first-tier screening approach, noncarcinogenic effects should be considered adiitiee.

hazard index results invalueabove the target leV of 1,noncarcinogenic effectsaybe

evaluatedor those chemicals with the same toxic endpoint and/or mechanism of action. The
sources provided in Section 2.1 should be consulted to determine the endpoint and/or target
organ system prior to attemptitgevaluate the additive health effects resulting from
simultaneous exposure to multiplencarcinogeie contaminants.

2.1.2 Acute Exposures

The exposure assumptions used to develop the SSLs are based on a chronic exposure scenario
and do not account for sdtions where higievel exposures may result in acute toxic effects.
Such situations may arise when contaminant concentrations are very high or may result from
specific siterelated conditions and/or behavioral patterng.(@ica behavior in children)Such
exposures may be of concern for those contaminants that primarily exhibit acute health effects.
For example,dxicological information regarding cyanide and phenol indicate that acute effects
may be of concern for children exhibiting pica behavi®ica is typically described as a
compulsive craving to ingest ndaod items (such as clay or paint). Although it can be

exhibited by adults as well, it is typically of greatest concern in children because they often
exhibit behavior (e.g., outdoor plagtivities and greater hasid-mouth contact) that results in
greater exposure to soil than for a typical adult. In addition, children also have a lower overall
body weight relative to the predicted intake.

2.1.3 Early-Life Exposurego Carcinogens

US E P2@ba) Sypplemental Guidance states that early life exposures (i.e., neonatal and
early |ife) to certain carcinogens can resul-t
(2005a) suggests that agpecific factors be applied to the estimatencea risks. These factors

should address four life stages: 1) children under 2 years of age; 2) children aged 2 to 6 years; 3)
children 6 years to 16 years of age; and 4) children over 16 years of age. Effects of mutagenicity
have been incorporated intoe SSLs for those contaminants which are considered carcinogenic

by a mutagenic mode of action.

11
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2.1.4 Direct Ingestion

Exposure to contaminants through incidental ingestion of soil can result from the inadvertent
consumption of soils adhering to the handsdfdems, or objects that are placed into the mouth.

It can also result from swallowing dust particles that have been inhaled and deposited in the
mouth. Commercial/industriadonstruction workersand residential receptors may inadvertently
ingest soilthat adheres to their hands while involved in warnkrecreatiorrelated activities.

Cal cul ation of SSLs for direct ingestion are
Risk Assessment Guidance for Superfund (RAGS): Volukhenhan Health Evalu#on Manual

(Part B, Development of Ridgkased Preliminary Remediation Goals), Inte(id6 EPA 1991),

Soil Screening Guidance: Technical Background Docurfi¢BtEPA 1996a), anS8upplemental
Guidance for Developing Soil Screening Levels for Superfund(BiEeEPA20(23).

2.1.5 Dermal Absorption

Exposure to soil contaminants may result from dermal contact with contaminated soil and the
subsequent absorption of contaminants through the skin. Contact with soil is most likely to
occur as a result of digging, gardening, landscaping, or outdoortienraetivities. Excavation
activities may also be a potential source of exposure to contaminants, particularly for
construction workers. Calculation of tB&Lsfor dermal contact witlsoil under the residential
exposure scenario is based on the metloggapresented INSE P A Risk Assessment
Guidance for Superfund: Volume Human Health Evaluation Manual (Part B, Development of
RiskBased Preliminary Remediation Goals), Inte(it®91), andsoil Screening Guidance:
Technical Background DocumegitS BPA 1996a). The suggested default input values used to
develop the NMED SSLs are consistent WitBE P A6 s RAGS ePart EnSupplemental
Guidance for Dermal Risk Assessmis EPA 2004).

2.1.6 Inhalation

US EPA toxicity data indicate that risks fromxposure to some chemicals via the inhalation
pathway far outweigh the risk via ingestion or dermal contact; therefore, the NMED SSLs have
been designed to address inhalation of volatiles and fugitive dusts. To address the soilisediment
to-air pathways,lte SSL calculations incorporaevolatilization factor (VF) for volatile
contaminant¢See Section 3.Bnda particulate emission factor (PEfSee Section 3.3pr
semtvolatile and inorganicontaminants. The SSLs follow the procedures for evaluating
inhalationsoil, VOCs, and fugitive dust particles presentedJ8E P A Risk Assessment

Guidance for Superfund: Volume Human Health Evaluation Manual (Part F, Supplemental
Guidance for Inhalation Risk Assessment), Final (US EPA 2808R,Assessent Guidance for
Superfund: Volume-IHuman Health Evaluation Manual (Part Bevelopment of RidRased
Preliminary Remediation Goals), InterifdS EPA 1991)Soil Screening Guidance: Technical
Background DocumerfyS EPA 1996a)Human Health Risk Assessment Protocol for
Hazardous Waste Combustion FacilitigsS EPA20053, andSyplemental Guidance for
Developing Soil Screening Levels for Superfund SU&sEPA20(2a).

VOCs may adhere to soil particles or be present in interstitial air spaces in soil and may
volatilize into ambient air. This pathway may be particularly sigaiit if the VOC emissions
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are concentrated in indoor spaces of onsite buildimgsuildings that may be built in the future
If volatiles are present in subsurface media (e.g-gaslor groundwater), volatilization through
the vadose zone and intalwor air could occurNMED VISLs were calculated to address this
type of exposure using the methods outlined in Section\&XCs are considered those
chemicals having a Henr yodamosphenes aulmcrmeterpert gr eat
mole @tmm3mole) and a molecular weight less than 20@ms per moleg{mole.

Inhalation of contaminants via inhalation of fugitive dusts is assessed using a PEF that relates the
contaminant concentration in soil/sediment with the concentration of respirable particles in the
air due to fugitive dust emission8.is important to nte that the PEF used to address residential
and commercial/industrial exposures evaluates only windborne dust emissions and does not
consider emissions from traffic or other forms of mechanical disturbance which could lead to a
greater level of exposurd.he PEF used to address construction worker exposures evaluates
windborne dust emissions and emissions from vehicle traffic associated with construction
activities. Therefore, the fugitive dust pathway should be considered carefully when developing
the CM at sites where receptors may be exposed to fugitive dusts by other mechanisms. The
development of the PEF for both residential and-residential land uses is discussed further in
Section 3.3.

2.1.7 Contaminants of Emerging Concern

Contaminants of emergirgpncern are those contaminants possibly present in environmental
media that are suspected to elicit adverse effects to human and ecological receptors, but do not
have established health standards or established analytical meilheds contaminants may
include but are not limitetb perfluorinated compounds, suchpasfluorooctanoic aciPFOA)
andperfluorooctane sulfonaf®FOS) As many agencies, including the US EPA, are working

to understand the types of effects and levels of concern in envirtadnreadia, it is important to
consider whether emerging contaminants may be present at facilities in New Mexico.

For facilities where contaminants of emerging concern are detected in site media, a qualitative
discussion of potential exposure and impmatbverall risk/hazard must be included in the risk
assessmentScreening levels and additional information on PFOAs and PFOSs are provided in
Section 5.3.

2.2 Soil Screening Levels fdResidentiaLandUses

Residential exposures are assessed based on child and adult receptors. As discussed below, the
child forms the basis for evaluation of noncarcinogenic effects incurred under residential
exposures, while carcinogenic responses are modeled based uamjuagsl values to account

for exposures averaged over a lifetime. Under most circumstances, onsite residential receptors
are expected to be the most conservative receptor basis for risk assessment purposes due to the
assumption that exposure occurs 24 k@) a day, 350 days per ye@r), extending over 86-

year exposure duratiorl.able 24 provides a summary of the exposure characteristics and
parameters associated with a residential land use re¢e}8&PA, 2014 and 2017.

13



RiskAssessment Guidance for Investigations and Remediation
Volume |
February 2019, Re2 (6/1919)

Table 2-4. Summary d the Residential Land Use Receptors

Exposure Characteristics 1 Substantial soil exposure (esy
children)
1 High soil ingestion rate (esp.
children)

T  Significant time spent indoors

Longterm exposure

T Surface and subsurface soil
exposurg0-10 feet below
ground surfacébgs]

=

Default Exposure Parameters

Exposure frequency &ysyr) 350
Exposure duration (yr) 6 (child)
20 (adult)
Soil ingestion rate (mg/day) 200 (child)
100 (adult)
Body Weight(kg) 15 (child)
80 (adult)
Skin surface area exposed @n 2,690(child)
6,03Zadult)
Skin-soil adherence factor 0.2 (child)
(mg/cn) 0.07 (adult)
cm? i square centimeters
kg - kilograms

mgi milligrams

2.2.1 Residential Receptors

A residentialreceptor is assumed to be a leegm receptor occupying a dwelling within the site
boundariesand thusis exposed to contaminants 24 hours per day, and is assumed to live at the
site for26 years[representing the 90percentile of the length of tim@meone lives in a single
location(US EPA, 20143], remaining onsite for 350 days per year. Exposure tdteadepths

of zero to 10 feelbg9 is expected to occur during home maintenance activities, yard work and
landscaping, and outdoor play activitiekhe SSLs do not take into consideration ingestion of
homegrown produce/meat/dairy or inhalation of volatiles migrating indoors via vapor intrusion.
If these pathways are complete, analysis of risks resulting from these additional exposure
pathways musgbe determinedrefer to Sections 2.5 and 2#&)d added to the risks determined
using the SSL scrediquationss, 56, and57).

Contaminant intake is assumed to occur via three exposure pathaiagst ingestion, dermal
absorption, and inhalation of volatiles and fugitive dusts. For the residential scenario, both adult
and child receptors were evaluated because children oftémtexehavior (e.g., greater hatmt

mouth contact) that can result in greater exposure to soils than those associated with a typical
adult. In addition, children also have a lower overall body weight relative to the predicted
intake.
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Equation2 and3 are used to calculate cumulative SSLs for a residential receptor exposed to
noncarcinogeis and carcinogenic contaminants via all three exposure pathimggstion of

soil, inhalation of soil, and dermal contact with solDefault exposure parametenr® provided

for use when sitspecific data are not available.

Noncarcinogenic contaminants are evaluated based solely on childhood exposures using
Equation2. By combining the higher contaminant intake rates with the lower relative body

wei ghdhomdhiolnl yo exposures | ead -daseda | ower ,
concentration compared to an aeutly exposure. In addition, this approach is considered
conservative because it combines the highged& exposure for children with chronic toxyci

criteria.

Unlike noncarcinoges, the duration of exposure to carcinogens is averaged over the lifetime of
the receptor because of the assumption that cancer may develop even after actual exposure has
ceased. As aresult, the total dose receivedesaged over a lifetime of 70 years. In addition,

to be protective of exposures in a residential setting, the carcinogenic exposure parameter values
are ageadjusted to account for exposures incurred in childréhy@ars of age) and adul@6(

years, 9¢h percentile for current resident time, US ERB144. Carcinogenic exposures are
ageadjusted to account for the physiological differences between children and adults as well as
behavioral differences that result in markedly different relative ratespafsure. Equatiors

and5 are used to calculate agdjusted ingestion, dermal and inhalation factors which account

for the differences in soil ingestion rate, skin surface area, soil adherence factors, inhalation rate,
and body weight for children v&us adults. The ageljusted factors calculated using these
eqguations arappliedin Equation3 to develop generic NMED SSLs for carcinogenic effects.
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Equation 2
Combined Exposures to Noncarcinogenic Contaminants in Soll
Residential Scenario

c - THQ® AT 3 BW,
"~ EF 3 ED,® &/ RfD,% IRS 2 (10°)

c - THQ3 AT
™ EF 3 ED,3 ET,3 (/ RfC)? [1/VF.) + (1/ PEF,)]

. THQ? AT ® BW,
“ms ~ EF 3 ED,3 [L/(RD, * GIABSJs SA3 AF.3 ABS 3 10°

Combined Exposures:

1
SSk. 1 1 1
+ +
Coral inh dermal

Parameter Definition (units) Default
Coral Contaminant concentration via oral ingestion (mg/kg) Chemicaispecific
Caermal Contaminant concentration via dermal adsorption Chemical ii

(ma/kg) emicalspecific
Cinn Contaminant concentration via inhalation (mg/kg) Chemicalspecific
SSles Soil screening levehll pathwaygmg/kg) Chemicalspecific
THQ Target hazard quotient 1
BW: Body weight, child (kg) 15
AT, Averaging time, noncarcinogens (days) ED. x 365
ER Exposure frequency, resident (day/yr) 350
EDc Exposure duration, child/) 6
ETs Exposure time, resident (hr/day x day/hr) 1
IRS Soil ingestion rate, chil@mg/day) 200
RfDo Oral reference dose (mghday) Chemicalspecific
SA Dermal surface area, child (éfaay) 2,690
AF. Soil adherence factor, child (mg/ém 0.2
GIABS Fraction absorbed in gastrointestinal tract (unitless)  Chemicalspecific
ABSq Skin absorption factor (unitless) Chemicalspecific
RfC Inhalation reference concentration (m@/m Chemicalspecific
10° Unit conversion factor (kg/mg 10°
VF; Volatilization factor for soil (rkg) See Equatiod6
PER Particulate emission factor fkg) See Equatiod9
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Equation 3
Combined Exposures to Carcinogenic Contaminants in Sqil

Residential Scenario

_ TR3 AT,
Corar = CSF3IFS_ 310°
0 adj

TR3 AT,
Cion = a1 1 0
IUR2 100 EF 3 %/— + g® ED, 3 ET,
c F, PEE,=x
_ TR3 AT,
Cdermal - CSFO \ \ .
3
“0” Glags o2 10
Combined Exposures:
1
SSk. 1 1 1
+ +
Coral C:inh C:dermal
Parameter Definition (units) Default
Coral Contaminant concentration via oral ingestion (mg/kg. Chemicalspecific
Coermal Contaminant concentration via dermal adsorption Chemical ii
(mg/kg) emicalspecific
Cinh Contaminantoncentration via inhalation (mg/kg) Chemicalspecific
SSlies Soil screening levehll pathwaygmag/kg) Chemicalspecific
TR Target cancer risk 1E-05
AT, Averaging time, carcinogens (days) 25,550
EFR Exposure frequency, resident (day/yr) 350
IF Sagij Age-adjusted soil ingestion factam/kg) See Equatiod
CSk Oral cancer slope factor (mghay* Chemicalspecific
DF S Age-adjusted dermal factomg/kg See Equatiob
ABSq Skin absorption factor (unitless) Chemicalspecific
1000 Unit conversion factor (ug/mg) 1000
IUR Inhalationunit risk (ug/m?)* Chemicaispecific
ED: Exposure duration, resident) 26
ETs Exposure time, resident (hr/dayday/h) 1
10° Unit conversion factorkg/mg) 10°
GIABS Fraction absorbed in gastrointestinal tract (unitless) Chemicalspecific
VFs Volatilization factor for soil (rkg) See Equatiod6
PEF Particulate emission factor ¢kg) See Equatiod?7
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Equation 4
Calculation of Age-Adjusted Soil Ingestion Factor
i, OOOO OYYOO OO OO ©OYY
o'oY — —
0w 0w

Parameter Definition (units) Default
IF S Age-adjusted soil ingestion factor for carcinogémsy/kg) 36,750
EF Exposure frequency (day/yr) 350
EDc Exposure duration, child) 6
IRS Soil ingestion rate, child (mg/day) 200
BW. Body weight, child (kg) 15
ED: Exposure duratiorrgsident yr) 26
IRS: Soil ingestion rate, adult (mg/day) 100
BW. Body weight, adult (kg) 80

Equation 5
Calculation of Age-Adjusted Soil Dermal Factor
e 0000 YO 00 OO OO OO0 YO 00
o'oY — —
0w 0w

Parameter Definition (units) Default
DFSuj Age-adjusted dermal factor for carcinogdngy/kg) 112,266
EF Exposure frequency (day/yr) 350
ED. Exposure duration, child) 6
AF. Soil adherence factor, child (mg/é@m 0.2
SA Dermal surface areahild (cnt/day) 2,690
BW. Body weight, child (kg) 15
ED: Exposure duration, residentr] 26
AF, Soil adherence factor, adult (mgAm 0.07
SAa Dermal surface area, adult (€day) 6,032
BWa Body weight, adult (kg) 80

Equations2 and3 areappropriate for all chemcials with the exception of vinyl chlgride
trichloroethyleneand those carcinogeeghibitingmutegenic toxicity For vinyl chloride, he
US EPA IRIS database provides cancer slope factors for both a child and an adult. dFhe chil

based cancer slope factor takes into consideration potential risks during the developmental stages

of childhood and thusis more protective than the adult cancer slope factor. The equations used
to derive the SSLs for vinyl chloride incorporate agestthents for exposure and are presented
in Equation6. As vinyl chloride does not have an adsorption factor, dermal risks are not

assessed.
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Equation 6
Combined SSL for Vinyl Chloride
Residential Scenario
c _ TR
o ACSE3 IFS,,210°8 &CSE? IRS,210°G
& 0+ 8 8
2 AT 9 BW, s
c r - C c
c TR
vc—inh o 3 3 3 3
%IUR EF 3 ED® ET,21000 aIUR3 100(88
AT 3VF
Combined Exposures:
1
SSlﬂésvc - 1 1
+
Cvc- oral Cvc— inh
Parameter Definition (units) Default
Cicoral Contaminant concentration (mg/kg) Chemicalspecific
Cucinh Contaminant concentration (mg/kg) Chemicalspecific
Cresve Combined SSilfor vinyl chloride (mg/kg) Chemicalspecific
TR Target cancer risk 1E-05
BW: Body weight, child (kg) 15
AT, Averaging time, carcinogens (days) 25,550
ER Exposure frequency, resident (day/yr) 350
IF Sadj Age-adjusted soil ingestion factémg/kg) See Equatiod
CSk Oral cancer slope factor (mgkkiay)™ Chemicalspecific
IRS Child soil ingestion factor (mg/day) 200
10° Unit conversion factor (kg/mg) 10°
IUR Inhalationunit risk (ug/n¥)* Chemicaispecific
ER Exposure frequency, resident (day/yr) 350
ED Exposure duration (yr) 26
ETs Exposure time (hr/day x day/hr) 1
1000 Conversion factor (ug/mg) 1000
VF Volatilization factor for soil (kg) See Equatiod4

Equations7 through 2 show the derivation of the SSLs for carcinogenic chemicals exhibiting
mutagenic properties. Mutagenicity is only assessed for the residential scenario.
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Equation 7
SSL for Ingestion of Soit Mutagens

c _ TR3 AT
"o CSK 2 IFSM,, 2 10°°

Parameter Definition (units) Default
Cruoral Contaminant concentration (mg/kg) Chemicalspecific
TR Target cancer risk 1E-05
AT, Averaging time, carcinogens (days) 25,550
CSk Oral cancer slope factor (mgkktay* Chemicalspecific
IFSMag; Age-adjusted soil ingestion ratmutagengmg/kg) See Equatio8
10° Conversion factor (kg/mg) 10°
Equation 8

Calculation of Age-Adjusted Soil Ingestion Factor, Mutagens

EF,° ED,,* IRS,210  ER®ED,* IRS?3 EF,?ED, . IRS,* 3 EF,° ED,,* IRS?1

IFSM,, =
BW, BW, BW, BW,

Parameter Definition (units) Default
IFSMag; Age-adjusted soil ingestion factor for mutagénsy/kg) 166,833
EDo- Exposure duration, child/) 2
ED2s Exposure duration, child/) 4
EDe.16 Exposure duration, adulgr) 10
ED1626 Exposure duration, adulyr) 10
ER Exposurdrequency, child (daysry 350
EF Exposure frequency, adult (days/y 350
IR Soil ingestion rate, child (mg/day) 200
IRS: Soil ingestion rate, adult (mg/day) 100
BW. Body weight, child (kg) 15
BWa Body weight, adult (kg) 80
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Equation 9
SSL for Inhalation of Soil- Mutagens

TR AT

(ET.3 10002 [(ED,.,® EF? IUR® 10)+(ED, ® EF? IUR? 3)+(ED, ,® EF3 IUR3 3)+(ED, ,® EF3 IUR3 1)|2 %#Ff Péng
Parameter Definition (units) Default
Crmuinh Contaminant concentration (mg/kg) Chemicalspecific
TR Target cancer risk 1E-05
AT, Averaging time, carcinogens (days) 25,550
IUR Inhalation Unit Risk (ug/)* Chemicaispecific
EF Exposure frequency, (day/yr) 350
ED Exposure duration (yr)

EDo-2 (yr) 2

ED2.6 (yl’) 4

EDe.-16 (Yr) 10

EDu1626 (Yr) 10
ETrs Exposure time (hr/day x day/hr) 1
1000 Conversion factor (ug/mg) 1000
VFs Volatilization factor for soil (rkg) See Equatiod6
PEF Particulate emission factor ffkg) See Equatiod9

Equation 10
SSL for Dermal Contact with Soit Mutagens
_ TR AT,
Cmu dermal — CSE
° 3 DFSM,,3 ABS310°
GIABS

Parameter Definition (units) Default
Cru-dermal Contaminant concentration (mg/kg) Chemicalspecific
TR Target cancer risk 1E-05
AT, Averaging time, carcinogens (days) 25,550
CSF, Oral cancer slope factor (mghktay* Chemicalspecific
GIABS Fraction absorbed igastrointestinal tract (unitless) Chemicalspecific
DFSMag; Age-adjusted soil contact factanutagengmg/kg) See Equation1l
ABSq Skin absorption factor (unitless) Chemicalspecific
10° Conversion factor (kg/mg) 10°
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Equation 11
Calculation of Age-Adjusted Soil Contact Factor, Mutagens
DFSM,, = ED,,3 AF.® SA310 ED, 3 AR 3 SA33 ED,, 3 AF,3SA33 ED,,° AF3SA31
) BW, BW, BW, BW,
Parameter Definition (units) Default
DFSM.gi  Age-adjusted soil contact factor for mutagéms/kg) 475599
EDo- Exposure duration, child yx EF (350 days/y}) 700
ED»s Exposure duration, chilgyr) x EF (350 days/y}) 1,400
EDe.16 Exposure duration, adulyr) x EF (350 days/y}) 3,500
ED1626 Exposure duration, adulyr) x EF (350 days/y)) 3,500
AF. Soil adherence factor, child (mg/ém 0.02
AF, Soil adherence factor, adult (mg/ §m 0.07
SA Exposed skin area, chjl(cm?/day) 2,690
SA, Exposed skin area, aduftnrt/day) 6,032
BW. Body weight, child (kg) 15
BWa Body weight, adult (kg) 80

The overall SSL for the residential scenariorfartagenss determined following Equatiol®.

Parameter
SSkesmu
Cmu—oral
Cmu—inh

Cmu—dermal

Equation 12
Determination of the Combined SSL
Mutagens
_ 1
SSITES- mu 1 1 1

+ +
C C C

mu- oral muinh mu- dermal

Definition (units)
CumulativeSSL for mutagengmg/kg)
Concentration fronsoil ingestionmg/kg)
Concentration from inhalation (mg/kg)
Concentration from dermal exposure (mg/kg

Default
Chemicalspecific
See Equatioff
See Equatio®
See Equatioi0

Fortrichloroethylene (TCE)the US EPA IRISUS EPA,20160 database providegata on both
carcinogenity and mutagenicity. Mutagenic effects assessed included Nashg ki n 6 s
(NHL), and impact to the liver and kidneys. The SSL equations for TCE pradequationsl3
throughl8 allow assessment of both cancer and mutagenic effects
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Equation 13
SSL for Ingestion of Soil- Trichloroethylene (TCE)
Residential Scenario
C, _ TR3 AT )
cEorl (CSE 2 10°°2 ((CAF, 3 IFS,y )+ (MAF, 3 IFSM, )))
Parameter Definition (units) Default
Crceoral Contaminant concentratipingestion soi{mg/kg) Chemicalspecific
TR Target cancer risk 1E-05
AT Averaging time, carcinogens (days) 25,550
CSk Oral cancer slope factor (mgkkiay)™ Chemicalspecific
10° Unit conversion factor (kg/mg) 10°
CAF, Adjusted oral cancer slope factong/kg-day* See Equatioi4
IFSaqj Age-adjusted soil ingestion factor for carcinogens See Equatio
(mg/kg)
MAF, Adjusted oral mutagenic slope factang/kg-day* See Equation4
IFSMo Age-adjusted soil ingestion factor for mutagéns/kg) See Equatiod
Equation 14
Adjusted Oral Slope Factors- TCE
Residential Scenario
. o« e 0°YO
00 T
0 YO
L5 8YO
U O T g~
0 YO
Parameter Definition (units) Default
CAF, Adjusted oral cancer slope factor 0.804
CSFRuit Oral cancer slope factémg/kg-day* 0.046
CSRonHusiver  Oral cancer slope factdlHL (2.16E02) and Liver 0.0370
(1.55E02), (mg/kg-day)*
MAF, Adjusted @al mutagenic slope factor 0.202
CSFR.idaney  Oral cancer slope factor, kidnéyg/kg-day-* 0.00933
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Equation 15
SSL for Inhalation of Soil- TCE
Co.. = TR3 AT,
IUR? 2%:%53 100 (1/24)3 [(CAF3 EF3 ED, 3 ET,)+ (seebelo)
[(ED, ,EF, , ET, ,® MAF, 2 10)+ (ED, (EF, ; 3 ET, ; ® MAF, 3 3)+ (ED; ;EF; 153 ET, ;6% MAF, 2 3)+(EDyq ,6EFy6 63 ETyg 563 MAF 3 1)]
Parameter Definition (units) Default

Crceinh Contaminant concentration (mg/kg) Chemicalspecific
TR Target cancer risk 1E-05
AT, Averaging time, carcinogens (days) 25,550
IUR Inhalation Unit Risk (ug/M)* Chemicaispecific
EF Exposure frequency, (day/yr) 350
ED Exposure durationd@y)

EDo-2 (yr) 2

ED-.s (yr) 4

EDe-16 (yl’)) 10

ED1626 (yl’) 10

ED: (yr) 26
ET: Exposure time (tiday) 1
1000 Conversion factor (ug/mg) 1000
1/24 Conversion factor (day/hr) 1/24
CAF Adjusted inhalation cancemnit risk (ug/n®)*  See Equationd
MAF; Adjusted inhalation mutagenimit risk See Equationd

(ng/m)?
VFs Volatilization factor for soil (rkg) See Equatiod6
PEF Particulate emission factor ¢fkg) See Equatiod9
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Equation 16
Adjusted Inhalation Unit Risks - TCE
Residential Scenario
5 50 oYY
00 oy
oYYy
350 2YY
U O —_—
oYY
Parameter Definition (units) Default
CAF; Adjustedcarcinogenic inhalation unit rigkig/m?)* 0.756
IURaduit Inhalation unit risk (ug/m?)?* 4.1E06
I[URNHL+iver  INhalation unit riskNHL (2E-06) and Liver (E-06), 3.1E06
(ng/me)*
MAF; Adjusted mutagenimhalation unit riskug/nr)? 0.244
IURKidney Inhalation unit risk kidney; (ug/n)? 1E-06
Equation 17
SSL for Dermal Contact with Soil - Trichloroethylene (TCE)
Residential Scenario
. YY 0"Y
° 5 YO o A o A o an
006 6 AT 00O0O00CY 00Y VOOOOYu o007
Parameter Definition (units) Default
Crceder Contaminantoncentration (mg/kg) Chemicalspecific
TR Target cancer risk 1E-05
AT Averaging time, carcinogens (days) 25,550
CSk Oral cancer slope factémg/kg-day* Chemicalspecific
GIABS Fra_ctlon of contaminant absorbed in gastrointestinal 1 Chemicaspecific
(unitless)
10° Unit conversion factor (kg/mg) 1E-06
CAF, Adjusted oral cancer slope factong/kg-day* See Equation4
DF Sy Resident soil dermal contact factageadjusted See Equatiob
(mg/kg
ABS Skin absorptioriactor (unitless) Chemicalspecific
MAF, Oral mutagenic slope fact@mg/kg-day* See Equation4
DFSMag; Resident Mutagenic soil dermal contact factge See Equation1l
adjusted ihg/kg
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Equation 18
Determination of the Combined SSL
TCE
1
SSlr'es-TCE = 1 1 l
+ +
CTCE—oraI CTCE-inh CTCE— der
Parameter Definition (units) Default
SSlestce Cumulative SSL for mutagens (mg/kg) Chemicalspecific
Crceoral Concentration from soil ingestion (mg/kg) See Equation3
Crceinh Concentration from inhalation (mg/kg) See Equationd
Crceder Concentration from dermal exposure (mg/kg See Equationl

2.3 Soil Screening Levels fadon-residentialandUses

Non-residential land uses encompass all commercial and industriai$ascand focus on two
very different receptors a commercial/industrial worker and a construction worker. Unlike
those calculated for residential landes, NMED SSLs for neresidential land uses are based
solely on exposures to adults. Consequentlgpsures to carcinogens are not-aggisted.
Due to the wide range of activities and exposure levels aestential receptor may be
exposed to during various werklated activities, it is important to ensure that the default
exposure parameters agpresentative of sigpecific conditions. Table-2 provides a
summary of the exposure characteristics and parameters foesidential land use receptors
(USEPA,20143.

Table 2-5. Summary of NonResidential Land Use Receptors

Receptor Commercial/Industrial Construction Worker
Worker
Exposure Characteristics 1 Substantial soil exposures| 1 Exposed duringonstruction
1 High soil ingestion rate activities only
1 Long-term exposure 1 Shortterm exposure

1 Exposure to surface and | 1 Very high soil ingestion and
shallow subsurface soi(§-1 | dust inhalation rates

foot bgs) 1 Exposure to surface and
1 Adult-only exposure subsurface soilf0-10 feet bgs)
Default Exposure Parameters
Exposure frequency &ysyr) 225 250
Exposure duration (yr) 25 1
Soil ingestion rate (mg/day) 100 330
Body Weight (kg) 80 80
Skin surface area exposed @m 3,470 3,470
Skin-soil adherence factor (mg/ 0.12 0.3

cny)
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2.3.1 Commercial/Industrial Worker

The commercial/industrial scenario is considered representativesiteoworkers who spend all

or most of their workday outdoors. A commercial/industrial worker is assumed to betarong
receptor exposed during the course of a work day as eithefulltime employee of a

company operating esite who spends most of the work day conducting maintenance or manual
labor activities outdoors or (2) a worker who is assumed to regularly perform gikeepuiag
activities as part of his/her daily resporilgiles. Exposure to surface and shallow subsurface
soils (i.e., at depths of zero 1dit bg9 is expected to occur during moderate digging associated
with routine maintenance and grousd=eping activities. A commercial/industrial receptor is
expectedo be the most highly exposed receptor in the outdoor environment under generic or
dayto-day commercial/industrial conditions. Thus, the screening levels for this receptor are
expected to be protective of other reasonably anticipated indoor and outitGersiat a
commercial/industrial facility. However, screening levels developed for the
commercial/industrial worker may not be prote
increased soil contact rate during construction activitiesadditian, the SSLs for the
commercial/industrial worker do not account for inhalation of volatiles indoors via vapor
intrusion.

Equationsl9 and20 were used to develop generic SSLs for cumulative exposure to carcinogenic

andnoncarcinogeie contaminants by all exposure pathways. Default exposure parameters (US
EPA 20@aand US EPA0143 are provided and were used in calculating the NMED SSLs.
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Equation 19

Combined Exposures to Carcinogenic Contaminants in Soil

Commercial/Industrial Scenario

c - TR3 AT, 3 BW,
ol CSE3 ER, 3 ED, % IR, 310°

c - TR? AT,

Cl-inh

1
PEF

w

IUR® 1000° EF, 3 %/1+
¢VR

TR3 AT, 3 BW,

§3 ED, 2 ET,

CCl-dermal =
ED, 2 CSR

ER, 3
GIABS

CombinedExposures:

1

1 1 1
+ +
C C

ssi, =

C

Cl - oral Cl-inh Cl - dermal

3 SA, % AF, ® ABS,310°

Parameter Definition (units) Default
Ccloral Contaminant concentration via oral ingestion (mg/kg) Chemicalspecific
Cecl-dermal Contaminant concentration via dermal adsorption (mg/l Chemicaispecific
Cecliinh Contaminant concentration via inhalation (mg/kg) Chemicalspecific
SSlg Contaminant concentratipall pathwaygmg/kg) Chemicalspecific
TR Target Risk 1E-05

BWec Body weight, adult (kg) 80

ATc Averaging time, carcinogens (days) 25,550

EFc Exposure frequencgommercial/industrial (day/yr) 225

EDc; Exposure duration, commercial/industrigf)( 25

IRci Soil ingestion rate, commercial/industrial (mg/day) 100

CSk Oral cancer slope factor (mgkkiay)* Chemicalspecific
SAc Dermal surface areapmmercial/industrial (cAiday) 3,470

AFc Soil adherence factor, commercial/industrial (mgfcm 0.12

ABSqy Skin absorption factor (unitless) Chemicalspecific
ETc Exposure time, commercial/industrial tiBper 24hr) 0.33

IUR Inhalation unit riskug/m?®)* Chemicaidspecific
1000 Unit conversion (ng/mg) 1000

VFs Volatilization factorfor soil (m¥kg) See Equatiod6
PEF Particulate emission factor ffkg) See Equatiod9

28




RiskAssessment Guidance for Investigations and Remediation
Volume |
February 2019, Re2 (6/1919)

Equation 20
Combined Exposures to Noncarcinogenic Contaminants in Soil

Commercial/Industrial Scenario

C THQ?3 AT, 2 BW,

THQ3 AT,

Cl-oral — EF, 3 ED, ° gg_/ RfD,8 IR, 3 (10°)

Cavom = EF, ® ED, ® ET, 3 (1/ RfC)? [(L/VF.) + (1/ PEF.)]

THQ?3 AT, 3 BW,

C =
c-eemd " EF, 3 ED, ? [1/(RfD,® GIABS)® SA, ® AF, 3 AB§?10°

Combined Exposures:

1
Sk 1 1 1
+ +
CCI -oral C:CI -inh C:CI - dermal

Parameter Definition (units) Default
Ccloral Contaminant concentration via oral ingest{omgy/kg) Chemicalspecific
Ccl-dermal Contaminant concentration via dermal adsorption (mg/  Chemicalspecific
Cecliinh Contaminant concentration via inhalation (mg/kg) Chemicalspecific
SSley Soil screening levehll pathwaygmag/kg) Chemicalspecific
THQ Target hazard quotient 1

BW. Body weight, adult (kg) 80

ATc Averaging time, noncarcinogens (days) ED x 365
EFc Exposure frequency, commercial/industrial (day/yr) 225

EDc Exposure duratiorgommercial/industrialy{) 25

IRci Soil ingestion rate, commercial/industrial (mg/day) 100

10° Unit conversion factor @/mg) 10°

RfDo Oral reference dose (mghtay) Chemicalspecific
SAc Dermal surface areapmmercial/industrial (cAiday) 3,470

AFc Soil adherence factor, commercial/industrial (mgfcm 0.12
GIABS Fraction absorbed in gastrointestinal tract (unitless) Chemicalspecific
ABSq4 Skin absorption factor (unitless) Chemicalspecific
ETa Exposure timg8 hr/day per 1 day/24 hr) 0.33

RfC Reference concentration (mg)m Chemicalspecific
VFs Volatilization factor for soil (rkg) See Equatiod6
PEF Particulate emission factor ffkg) See Equatiod9
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2.3.2 Construction Worker

A construction worker is assumed to be a recepiatis exposed to contaminated soil during the
work day for the duration of a single-gite construction project. If multiple construction

projects are anticipated, it is assumed thiierent workers will be employed for each project.

The activities for this receptor typically involve substantial exposures to surface and subsurface
soils (i.e., at depths of zero to 10 fegh during excavation, maintenan@nd building

construction projects (intrusive operations). A construction worker is assumed to be exposed to
contaminants via the following pathways: incidental soil ingestion, dermal contact with soil, and
inhalation of contaminated outdoor air (volatdnd particulate emissions). While a construction
worker receptor is assumed to have a higher soil ingestion rate than a commercial/industrial
worker due to the type of activities performed during construction projects, the exposure
frequency and durativare assumed to be significantly shorter due to the-sdrontnature of
construction projects. However, chronic toxicity information was used when developing
screening levels for a construction worker receptor. This approach is significantly more
consevative than using subhronic toxicity data because it combines the higher soil exposures
for construction workers with chronic toxicity criteria. Equati@hsand22 were used to

develop generic SSLs for cumulative exposure to carcinogenicargércimgenc

contaminants by all exposure pathwéysa construction workerDefault exposure parameters

(US EPA 20Qaand US EPA20149 are provided and were used in calculating the NMED

SSLs.
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Equation 21
Combined Exposures to Carcinogeni€ontaminants in Soil
Construction Worker Scenarios

c - TR? AT, ® BW,,
el CSE3 EF,, 3 EDyy 3 IRy, 3 10°

Parameter
CCW—oraI
CCW—dermaI
Cewsinh
SSlcw
TR
BWcw
ATcw
EFcw
EDcw
IRcw
CSk
SAcw
AFcw
ABS4
ETcw

IUR
1000
VFew
PERw

c _ TR® AT,
CW- inh ] ] é, 1 1 63 ]
IUR® 1000¢ EF,,, QE+ oer ED,,® ET,,
_ TR® AT, ® BW,,
C:CW-dermaI_

CSE

ER. 2 EDy, 3 ° 3 SA, % AR, ® ABS210°

GIABS

CombinedExposures:

1

1 1 1
+ +

CW- oral CCW- inh

SSL, =

CW- dermal

Definition (units)
Contaminantoncentration via oral ingestion (mg/kg)
Contaminant concentration via dermal adsorption (mg/l
Contaminant concentration via inhalation (mg/kg)
Contaminantoncentration, all pathways (mg/kg)
Target Risk
Body weight, adult (kg)

Averaging time, carcinogens (days)

Exposure frequencygonstruction worke¢day/yr)
Exposure duratiorgonstruction workefyears)

Soil ingestion rategonstruction workefmg/day)

Oral cancer slope factor (mgkktay)*

Dermal surface areapnstruction workefcné/day)
Soil adherence factocpnstruction worke(mg/cn¥)
Skin absorption factor (unitless)

Exposure timegonstruction worke(8 hoursdayper 1
day24 hours)

Inhalation unit risk (ug/rf)*

Unit conversion (ng/mg)

Volatilization factor for soil construction workefm3/kg)
Particulate emission factozonstruction workefm®kg)

Default
Chemicalspecific
Chemicalspecific
Chemicalspecific
Chemicalspecific

1E-05
80
25,550
250
1
330
Chemicalspecific
3,470
0.3
Chemicalspecific
0.33

Chemicalspecific
1000

See Equatiod7

See Equatio®0
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Equation 22

Combined Exposures to Noncarcinogenic Contaminants in Soll

Construction Worker Scenario

THQ® AT, ® BW,,

C . THQIAT,BW,
cW- oral EFCW3 EDCW3 Zia_/ RfDog3 IRCW3 (106)
i THQ? AT,
o " ER 3 ED,, ET,,® (I/RC)3 [[L/VF, )+ (U PEF, )]

C =
cuemd T EE 2 ED,, ® [L/(RFD,? GIABY|® SA, 3 AF,,? ABS310°

Combined Exposures:

_ 1
SSky = 1 1 1

+ +
C C

CW- oral CW-inh

CW- dermal

Parameter Definition (units) Default
Cew-oral Contaminant concentration via oral ingestion (mg/kg) Chemicalspecific
Cew-dermal Contaminant concentration via dermal adsorption (mg/ Chemicalspecific
Cew-inh Contaminant concentration via inhalation (mg/kg) Chemicalspecific
SSlew Soil screening level, all pathways (mg/kg) Chemicalspecific
THQ Target hazard quotient 1
BWoew Body weight, adult (kg) 80
ATcw Averaging time, noncarcinogens (days) ED x 365
EFcw Exposure frequencygonstruction worke¢day/yr) 250
EDcw Exposure duratiorgonstruction workefyears) 1
IRcw Soil ingestion rategonstruction workefmg/day) 330
10° Unit conversion factor (kg/mg) 108
RfDo Oral reference dose (mghday) Chemicalspecific
SAcw Dermal surface areapnstruction worke¢cn?/day) 3,470
AFcw Soil adherence factocpnstruction workefmg/cnt) 03
GIABS Fraction absorbed in gastrointestinal tract (unitless) Chemicalspecific
ABSq4 Skin absorption factor (unitless) Chemicalspecific
ETcw Exposure timg8 hours/day per 1 day/24 hour) 0.33
RfC Reference concentration (mghm Chemicalspecific
VFew Volatilization factor for soil construction workefm3/kg) See Equatiod7
PERw Particulate emission factaronstruction worke(m?/kg) See Equatios0
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2.3.3 Alternative Evaluation for Lead

Exposure to lead can result in neurotoxic and developmental effects. The primary receptors of
concern are children, whose nervous systems are still undergoing development and who also
exhibit behavioral tendencies that increase their likelihood of expdslg., pica). These effects
may occur at exposures so low that they may be considered to have no threshold and are
evaluated based on a blood lead level (ratherdnaxternal dose as reflectedthe RfD/RfC
methodology). Therefore, US EPA viewsdtbe inappropriate to develop noncarcinogenic
Afsafeo exposure |levels (i.e., Rf Ds) for | ead.
recommended the use of the IEUBK model that relates measured lead concentrations in
environmental media with antesated bloodead levefor assessing risks to residential
receptor§US EPA20161). The model is used to calculate a blood lead level in children when
evaluating residenti al |l and use and in adults
to fetal blood lead levels)However,US EPA recommends the use of the Adult Lead
Methodology(ALM) for adults inevaluating occupational scenarios at sites where access by
children is reliably restricteJS EPA 2016). The NMEDdefaultvalues for leadrecalculated
using theUS EPA methodologieto backcalculate a soil concentration for each receptor that
would not result in an estimated bletedhd concentration of Ifdicrograms per deciliteng/dL)

or greater (residential adult of 400 mg/kg and industrial and construction worker of 800.mg/kg)
If the screening levels for lead are exceeded, it is recommended thsppesiiific bioavadbility

of lead using th&JSE P A id-gitro bioaccessibility assay for lead be used to refine the screening
levels Note thaif site-specific screening levels are defihéhe exposure to a

typical/hypothetical child resident must not have an estimated risk exceedjmog &%¥esulting

blood lead level of more than 10 pug/@US EPA 2016). Note that theevaluationof lead is an
independent\aluation and a hazard dient should nbbecalculatedand added to theverall
sitehazard index

2.4 Tap Water Screening Levels

Exposure to contaminants can occur through the irmyesfiand dermal contact with
domestic/household watand inhalation of volatiles in domestic/household waMED tap
waterscreening levelarere developed for residential lande only. If it is determined that
commercial/industrial receptors are g@atially exposed to contaminated water through ingestion,
dermal contact, and/or inhalation, these pathways must be evaluated via the methods outlined in
this document and utilizing appropriate exposure parameiées calculations of the NMED tap
water greening levels for domestic water are based upon the methodology presented in RAGS,
PartB (US EPA1991) Part E (US EPA, 2004nd the revised dault exposure factors (US
EPA,20143. The screening levels are based upon ingesfianddermal contacivith

contaminants in wateand inhalation o¥olatile contaminantsolatilized fromwaterduring

domestic useTo estimate the exposure dose from dermal contact with tap watekjrthe
permeability coefficient (k) and absorbed dose pmrent (DAven) Were considered, as outlined

i n US EPa\RAGS Pazt &.9/Hile ingestiorand dermal contaetereconsideredor all
chemicals, inhalation of volatiles from water was considered for those chemicals with a

mi ni mum He nr y 6fapptodmatelgl B-06 sittra’mble and with a maximum
molecular weight oapproximately200 g/mole.To address the groundwatierair pathways, the

tap water screening levels incorporate a volatilization fa&pof 0.5liters per cubic meter
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(L/m?3) for volatile contaminantdJS EPA 1991); this derived value defines the relationship
between the concentration of a contaminant in household water and the average concentration of
the volatilized contaminant in air as a result of all uses of househtdd (va., showering,
laundering, dish washing).

As ingestiondermal contactand inhalation rates may be different for children and adults,
carcinogenic risks were calculated using-adgisted factors, which were obtained from RAGS,
Part B US EPA1991) and Part E (US EPA, 2084 Equation23 through29 show how SLs for
carcinogenic andoncarcinogeie contaminants were developed. Simitasoil, separate
equations are used feinyl chloride (Equatioa30and31) and carcinogens exhibiting

mutagert toxicity (Equatiors 32-36) such as trichloroethylene
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Equation 23
Combined Exposures to Carcinogenic Contaminants imap Water

Residential Scenario

_TR3 AT, 31000
" CSK 2 IFW,,

Cderm= See Equation®4 - 26

c - TR AT,
"™ EF3EDS3ET,3IURK

CombinedExposures:

1

Sk =7 1 1
+ +
Coral Cderm Cinh
Parameter Definition (units) Default

Coral Contaminant concentratipingestion(eg/L) Chemicalspecific
Caerm Contaminant concentration, dermal (ug/L) ChemicalSpecific

(See Equation25-27)
Cinh Contaminant concentration, inhalaticag(L) Chemicalspecific
SLiap Tap water sogfleening | evel Chemicalspecific
TR Target risk 1E-05
AT, Averaging time, carcinogens (days) 25,550
ER Exposure frequency, resident (day/yr) 350
1000 Unit conversion (ug/mg) 1000
IFW agj Age-adjusted water ingestion rate, residentkd) (See 328

Equation24)
CSk Oral cancer slope factor (mgkkiay)* Chemicalspecific
ED, Exposure durationy() 26
ETw Exposure timeresident, tap watd@4 hr/day per 1day/24 1

hr)
IUR Inhalation unit risk (ug/f)* Chemicaispecific
K Andelman volatilization factor (L/f) 0.5

35




RiskAssessment Guidance for Investigations and Remediation
Volume |
February 2019, Re2 (6/1919)

Equation 24
Calculation of Age-Adjusted Tap Water Ingestion Factor
v = EFPED? IRW, EFS (ED, - ED.)® IRW,
2 BW, BW,

Parameter Definition (units) Default
IFWag; Age-adjusted water ingestion factor for carcinog@tkg) 328
EF Exposure frequency (day/yr) 350
EDc Exposure duration, child/) 6
IRW, Water ingestion rate, child (L/day) 0.78
BW. Body weight, child (kg) 15
ED: Exposure duration, resident adult (yr) 26
ED. Exposure duration, residechild (yr) 6
IRW, Wateringestion rate, adult.(day) 2.5
BW. Body weight, adult (kg) 80
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Equation 25
Dermal Exposure to Carcinogenic Contaminants in Tap Water
Residential Scenario
For inorganic constituents: N
5 006 p MTaaj o
v 0
For organic constituents:
If tevent_adj ¢ t*, then _
5 06 prmmadji
¢ os o ¥ 0
If tevent_adj> t*, then' -
. 00 p mmadjo
° s o p oo ob
06 v o 5 ¢t D5 5
Where:
. YY 8"Y p 'kl Q
oo o
0 YO 0706
"000 6 Y
Parameter Definition (units) Default
Cderm Contaminant concentrati on, ¢ Chemicalspecific
DAcwenicac  Absorbed dose per everarcinogengmg/cnt-event) Chemicalspecific
Ko Dermal permeability coefficierdf compoundn water(cm/hr) Chemicalspecific
teventad Age-adjusteddermalexposure timg@er eventresidenthr/event) See Equatio26
t* Time to reach steady state)h 2.4 Xtevent
FA Fraction absorbed watéunitless) Chemicalspecific
t event Lag time per event (fevent) Chemicalspecific
B Ratio of permeability coefficient through the stratum corneum 1 Chemicalspecific
permeability coefficient across the viable epidermis (unitless)
TR Target risk 1E-05
AT. Averaging timeresidentcarcinogens (days) 25,550
CSk Oral cancer slope factor (mgkiay)* Chemicalspecific
GIABS Fraction absorbed in gastrointestinal tract (unitless) Chemicalspecific
ER Exposure frequency, resident (day/yr) 350
DFWag; Age-adjusteddermalexposurdactor, water,resident ¢n?-event See Equatio7
/kg)
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Equation 26
Calculation of Age-adjusted Dermal Exposure Timeper Event, Tap Water
Residential Scenario
‘ 0 - 00 o} \ 00 00
o] —
o0
Parameter Definition (units) Default
tevent g Age-adjusteddermalexposure timger eventresidenthr/event) 0.6708
tevent ¢ Dermal exposure timgper eventchild (hr/event) 0.54
tevent a Dermal posure timger eventadult (l/event) 0.71
ED. Exposure duration, child (y 6
ED; Exposure duration, residentr]y 26
Equation 27
Calculation of Age-adjusted Dermal Exposure Factor, Tap Water
Residential Scenario
00 0@ 0OQ "Y{§ 00 0@ 0O Y
006 (83 ! ]} Yo ‘453 ! Q 3
0 ay, 0
Parameter Definition (units) Default
DF W Age-adjusteddermalexposurdactor, tap water, residentif- 2,610,650
event/kg)
EF Exposure frequency (day/yr) 350
EV. Event frequency, chil@events/day) 1
ED. Exposure duration, child €y 6
SA Skin surface area available foatercontact child (cn¥) 6,365
BW: Body weight, child (kg) 15
EVa Event frequency, adult (events/day) 1
ED, Exposure duration, adultrly 20
SA Skin surface areavailable forwatercontact adult (cnd) 19,652
BWa Body weight, adult (kg) 80
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Equation 28

Combined Exposures to Noncarcinogenic Contaminants ifap Water

Residential Scenario

THQ3 BW,3 100 AT,

CoraI - o ~
a1l Q
EF3 ED.32 &&—&° IRW
r (o éﬁszoaa c
0 YQ@N 60 O&QE &
_ THQ?3 AT, 21000
Cinh -

alag

EF 2 ED ET,* & g K
g —

CombinedExposures:

_ 1
Shay = 1 1 1

+ +
Coral C:mh Cderm
Parameter Definition (units)
Coral Contaminant concentratipmgestion(eg/L)
Cderm Contaminant concentratiodermal (ug/L)
Cinn Contaminant concentration, inhalatiay(L)
Sliap Tap water screening
THQ Target hazard quotient
BW. Body weight,child (kg)
ATne Averaging timenoncarcinogens (days)
1000 Unit conversion (ug/mg)
ER Exposure frequency, resident (day/yr)
EDc Exposure duratiorghild resident yr)
IRW, Water ingestion rateghild resident (L/day)
RfD, Oral referencelose(mg/keday)
ETw Exposure time (24r/day per 1day/24r)
RfC Reference concentration (mghm
K Andelman volatilization factor (L/f)

Default
Chemicalspecific
See Equatio29
Chemicalspecific
Chemicalspecific
1
15
EDc x 365
1000
350
6
0.78
Chemicalspecific
1
Chemicalspecific
0.5

| eve
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Equation 29
Dermal Exposure toNoncarcinogeric Contaminants in Tap Water
Residential Scenario
For inorganic constituents: ~
. 00 p MTaajo
o] - :
V] o]
For organic constituents:
If tevem_cq: t*, then -
5 00 p tTadj o
¢ o9 0O
If tevem_c> t*, then. -
5 ‘00 pmTadajo
o~ C p a6 ab
0 0 H— o b G
Where:
. YOO 6Y pmmnBQ 6w
00 p . N
Yo 006 6 P 00 00 Yo
Parameter Definition (units) Default
Cderm Contaminant concentrati on, ¢ Chemicalspecific
DAcentne  Absorbed dose per evembncarcinogengig/cne-event) Chemicalspecific
Ko Dermal permeability coefficierdf compoundn water(cm/tr) Chemicalspecific
tevent_c Dermal exposure timeper eventchild (h/event) 1
t* Time to reach steady state’\h 2.4 Xtevent
FA Fraction absorbed water (unitless) Chemicalspecific
t event Lag time per event (fevent) Chemicalspecific
B Ratio of permeability coefficient through the stratum corneum i Chemicaispecific
permeability coefficient across the viable epidermis (unitless)
THQ Target hazardjuotient 1
ATne Averaging time, residentboncarcinoges (days) 365x EDc
BW. Body weight, child (kg) 15
GIABS Fraction absorbed in gastrointestinal tract (unitless) Chemicalspecific
RfDo Oral reference dose (mghday) Chemicalspecific
EV. Event frequency, child (events/day) 1
EDc Exposure duration, child €y 6
EFR Exposure frequency, resident (day/yr) 350
SA Skin surface area available for contadtild (cn¥) 6,365
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Equation 30
Combined CarcinogenicExposures to Vinyl Chloride in Tap Water
Residential Scenario

TR
CSE? IFW,° 0.001 CSE* IRW,* 0.0010
AT BW, 8

c -

C —_—

oral —

Qo

OB

8 YQ@A 6 & &RE &

c - TR
™~ &]UR® EF 3 ED 3 ET, 3 K

¢

3
e +(IUR K):

- OO

Combined Exposures:

_ 1
Sy = 1 1 1

Parameter
Coral
Cderm
Cinn
SLtap
TR
AT
EFR
0.001
IFWag
IRW,
CSk
ED,
ETw
IUR
K

+ +
C C., C

oral inh derm

Definition (units)
Contaminant concentration, ingesti@y(lL)
Contaminant concentration, dermal (ug/L)
Contaminant concentration, inhalatiarg(L)
Tap water safleening
Target risk
Averaging time, carcinogens (days)
Exposure frequency, resident (day/yr)
Unit conversion ihg/ug)
Age-adjusted water ingestion rate, residerk¢l.
Child water irgestion rate, resident (dy)
Oral cancer slope factor (mgkktay)*
Exposure durationy()
Exposure time (24 hours/day per 1dayey
Inhalation unit risk (ug/§)*
Andelman volatilization factor (L/f)

| evel

Chemicalspecific

Chemicalspecific
Chemicalspecific

Chemicalspecific

Chemicalspecific

Default

See Equatio1

1E-05
25,550
350
0.001
See Equatio24
1

26
1

0.5
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Where:

Parameter

1:event  adj

t*

tevent
Cderm

DA event vc
FA

Kp

B

TR
AT,
EF
CSk
GIABS
DFW.;

EV.
SA:
BW.

Equation 31

CarcinogenicDermal Exposure to Vinyl Chloride in Tap Water

Residential Scenario

If tevem_adj¢ t*, then

) 006 p T TIAIG] O
. 0
¢ 00 U ot n
If tevent_adj> t*, then: B
. ‘00 pmnadji
° 0 p o6 ab
Oo0 v P ‘0 CT p 3
08 Y'Y
0 o S—
0YO ..~ 0 YO ... «us
006 6 ¥ O"ZZ 006 6 Y Zz"
0"y P T TR 0w P T T Fy

Definition (units)

Age-adjusteddermalexposure timg@er eventresident (levent)
Time to reach steady state’\h

Lag timeper event (Hevent)
Contaminant concentrat:i
Absorbed dose per eventnyl chloride(pg/cn?-event)
Fraction absorbed water (unitless)

Dermal permeability coefficierdf compoundn water(cm/hr)
Ratio of permeability coefficient through the stratum corneum i
permeability coefficient across the viable epidermis (unitless)
Target risk

Averaging timeresidentcarcinogens (days)

Exposure frequency, resident (day/yr)

Oral cancer slope factor (mgkiay)*

Fraction absorbed in gastrointestinal tract (unitless)
Age-adjusteddermalexposuréactor, tap water, residentif-
event/kg)

Event duration, child (events/day)

Skin surface area available for contadtild (cn¥)

Body weight, child (kg)

on, (o

Default

See EquatioR26
2.4 Xtevent
Chemicalspecific
Chemicalspecific
Chemicalspecific
Chemicalspecific
Chemicalspecific
Chemicalspecific

1E-05
25,550
350
Chemicalspecific
Chemicalspecific
See Equatio7

1
6,365
15
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Equation 32

Combined Exposures to Mutageit Contaminantsin Tap Water

Residential Exposure

_ TR3 AT, 31000
" CSK® IFWM

0 YQON 0 0 &% & iw

TR® AT

Coon = (EF 3 ET_® K)? |(ED, ,3 IUR3 10)+(ED, ¢ ® IUR? 3)+(ED, ,s® IUR? 3)+(ED;4 ,° IUR? 1]

Parameter
Cmu—oral
Cmu—derm
Cmu—inh
SLtap-mu
TR

AT,
CSk
EFR

ETw

K

IFWM g
1000
EDo-
ED26
EDe.16
ED1626
IUR

Combined Exposures:

_ 1
Sl'rap mu 1 1 1
+ +
Cmu oral Cmur inh Cmu— derm

Definition (units)
Contaminant concentratipimgestion(eg/L)
Contaminant concentration, dermal (Up/L

Default
Chemicalspecific

See Equations4336

Contaminant concemninrat i Chemicalspecific
Tap water screening | ev Chemicalspecific
Target cancer risk 1E-05
Averaging time, carcinogens (days) 25,550
Oral cancer slope factor (mghktay* Chemicalspecific
Exposure frequencyesident (day/yr) 350
Exposure time (2&r/day per 1day/24r) 1
Andelman volatilization factor (L/f) 0.5
Age-adjustedwvateringestion ratemutagengL/kg) See Equation3
Conversion factorgg/mg) 1000
Exposureduration, child yr) 2
Exposure duration, child/) 4
Exposure duration, adulyr) 10
Exposure duration, adulgr) 10

I nhal ation?®4nit risk

(¢

Chemicalspecific
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Equation 33
Calculation of Age-Adjusted Tap Water Ingestion Factor, Mutagens
IFWM,, = EF3 ED, ,3 IRW,3 10+ EF3 ED, 3 IRW,3 3+ EF3 ED, 5% IRW,3 3+ EF3 EDj 6% IRW,3 1
BW, BW, BW, BW,
Parameter Definition (units) Default
IFWM g Age-adjustedwvateringestion factor for mutagerik/kg) 1,019.9
EDo-2 Exposure duration, child £y 2
ED.¢ Exposure duration, child (yr) 4
EDe.16 Exposure duration, adult (yr) 10
ED1626 Exposure duration, adult (yr) 10
EF Exposure frequency (days/yr) 350
IRW, Water ingestion rate, child (tay) 0.78
IRW, Wateringestion rate, adu(t./day) 2.5
BW. Body weight, child (kg) 15
BWa Body weight, adult (kg) 80

44



RiskAssessment Guidance for Investigations and Remediation

Volume |

February 2019, Re2 (6/1919)

Equation 34

Dermal Exposure toMutagenic Contaminants in Tap Water

Residential Scenario

For inorganic constituents:

. 006 p T Tddj 0
o] :
v 0]
For organic constituents:
If tevent mu_adj ¢ t*, then: B
5 ‘00 pmmadji
¢ 00 U of c‘)l
If tevem_mu_adj > t*, then B
y 00 pmTadji
0 . 0 ‘ p o6 ab
v T o b G
Where:
o YY 0°Y pmnmmka Q
Oo 5VO )
o005 5 p Ow
Parameter Definition (units)
Cru-derm Contaminant concentratiomutagensgd e r ma | (egl/L
DAcentmu  Absorbed dose per eventutagengug/cn?-even)
Ko Dermal permeability coefficierdf compoundn water(cm/hr)
teventmuagg  Age-adjusteddermalexposure tim@er eventmutagensresident
(hr/event)
t* Time to reach steady stata)h
FA Fraction absorbed water (unitless)
t event Lag time pervent (/event)
B Ratio of permeability coefficient through the stratum corneum 1
permeability coefficient across the viable epidermis (unitless)
TR Target risk
AT, Averaging timefesidentcarcinogens (days)
CSk Oral cancer slope factor (mgkiay)*
GIABS Fraction absorbed in gastrointestinal tract (unitless)
ER Exposure frequency, resident (day/yr)
DFWmuaqy Age-adjusteddermaltap waterexposurdactor, mutagensresident

(cnP-event/kg)

Default

Chemicalspecific
Chemicalspecific
Chemicalspecific
See Equatio3s

24 Xtevent
Chemicalspecific
Chemicalspecific
Chemicalspecific

1E-05
25,550
Chemicalspecific
Chemicalspecific
350
See Equatio6
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Equation 35
Calculation of Age-Adjusted Tap Water Dermal Exposure Timeper Event, Mutagens
Residential Scenario
. 0 00 0 00 0 00 o} 00
© 00 00 0O 00
Parameter Definition (units) Default
tevent_muad Age-adjusteddermalexposure tim@er eventmutagenstap 0.671
water,resident (Wevent)
tevent 02 Dermal exposure time per event, tap watesijdent 2 0.54
years(hr/event)
EDo-» Exposure durationmesident0-2 yeargyr) 2
tevent 2-6 Dermal exposure time per event, tap watesijdent 26 0.54
years(hr/event)
ED2s Exposure duratiorresident2-6 yearg(yr) 4
tevent6-16 Dermal exposure time per event, tap watesidents-16 0.71
years(hr/event)
EDe¢.16 Exposure duratiorresident 616 yeargyr) 10
tevent 1626 Dermal exposure time per event, tap watesidentl 6-26 0.71
years(hr/event)
EDi62s Exposure duratiorresidentl 6-26 years(yr) 10
Equation 36
Calculation of Age-Adjusted Tap Water Dermal Exposure Factor, Mutagens
00w
Parameter Definition (units) Default
DFWmy adj Age-adjusted tap watetermalexposurdactor, mutagens 8,191,633
resident ¢n?-event/kg)
EVo» Event frequencyresident-2 years (events/day) 1
EDo-2 Exposure duratiorresideniO-2 yearg(yr) 2
SA Skin surface area available for contadtild (cn¥) 6,365
EVas Event frequencyresident 26 years (events/day) 1
ED.s Exposure duratiorresident2-6 yeargyr) 4
EVeis Event frequency, residentl® years (events/day) 1
EDe¢.16 Exposure duratiorresident 616 yeargyr) 10
EF Event frequency (days/yr) 350
SA. Skin surface area available for contaatiult (cnd) 19,652
EVi626 Event frequency, resident I yr (events/day) 1
EDi1626 Exposure duratiorrgsident 1626 (yr) 10
BW. Body weight, child (kg) 15
BWa Body weight, adult (kg) 80
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0 QY Qi

[[ED, ,® EF. * MAF 310)+(ED, ,® EF., 3 MAF ® 3)+ (ED, ,,® EF., * MAF, 3 3)+(ED,; ,,® EF,, * MAF 31)]

Parameter
CTCE-oraI
CTCE—derm

CrcE-inh
S LtapTCE
TR

AT,
CSk
CAF,
IFWag;
MAF,
IFWMag
EFR
ETw

K

IUR
CAF
MAF;
1000
EDo-
ED26
EDe16
ED1626

Equation 37
Combined Exposures tol CE in Tap Water
Residential Exposure

TR3 AT, 31000

Crog-ora = CSE?3 ((CAFO s IFWadj)+ (MAFO * IFWM adi»
8 YQ@¥ 6 & o'RE ¢
. TR3 AT,

TCE-inh ~ (ETrs 3 K3 IUR)3 [(EFr 3 ED,, 3 CAF, ) + AgeTerm$

ai

Combined Exposures:

1
1 1 1

+ +
CTCE- oral CTCE- inh CTCE- derm

Definition (units)
Contaminant concebjtratic
Contaminant concentration, dermal (ug/L) (See

S I‘rap TCE =

Default
Chemicalspecific
Chemicalspecific

Equations38-40)

Contaminant concentration,n h al ak)i on ( Chemicalspecific
Tap water screening | eve Chemicalspecific
Target cancer risk 1E-05
Averaging time, carcinogens (days) 25,550
Oral cancer slope factor (mghktay* Chemicalspecific
Adjusted oral cancer slope fac(pg/m?)?! See Equatioi4
Age-adjusted ingestion oral ingestion facfbfkg) See Equatio24
Age-adjusted mutagenic slope factpg/nt)?* See Equatiod4
Age-adjustedwvateringestion ratemutagengL/kg) See Equatio33
Exposure frequency, resident (day/yr) 350
Exposure time (24riday per 1day/24 1
Andelman volatilization factor (L/f) 0.5

I nhalation?3dnit ri sk (¢&c¢ Chemicalspecific

Adjusted inhalatiortancemnit risk (ug/m?)*
Adjusted inhalation mutagenic unit rigkg/n?)*

See Equationi6
See Equationi6

Conversion factorg(g/mg) 1000
Exposure duration, child €y 2
Exposure duration, child €y 4
Exposure duration, adultry 10
Exposure duration, adultiy 10
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Equation 38
Dermal Exposure toTCE in Tap Water
Residential Scenario

If tevem_adj ¢ t*, then:

5 06 p M Tdraj 0
¢ 06 U of c‘)l
If tevent_adj > t*, then "
. ‘00 prmnadji
0 . 0 p ad ab
v T of b G
Where:
- YY 0Y prnmnh Q
oo 5vO
005 6y 006 000w 000 00wb
Parameter Definition (units) Default
Crurderm Contaminant concentratiomutagensd e r ma | ( € g/ L Chemicaispecific
DAcventmu  Absorbed dose p@vent mutagengug/cné-event) Chemicalspecific
Kp Dermal permeability coefficierdf compoundn water(cm/hr) Chemicalspecific
tevent adj Age-adjusteddermalexposure timg@er eventresident (Wevent) See Equatio26
t* Time to reaclsteady state (h 2.4 Xtevent

tevent _muadj

Age-adjusteddermalexposure tim@er eventmutagenstesident
(hr/event)

See Equatio3s

FA Fraction absorbed water (unitless) Chemicalspecific

t event Lag time per event (fevent) Chemicalspecific

B Ratio of permeability coefficient through the stratum corneum 1 Chemicalspecific
permeability coefficient across the viable epidermis (unitless)

TR Target risk 1E-05

AT, Averaging timeresidentcarcinogens (days) 25,550

CSk Oral cancer slope factor (mgkiay)* Chemicalspecific

GIABS Fraction absorbed in gastrointestinal tract (unitless) Chemicalspecific

CAF, Adjusted oral cancer slope factor See Equatioi4

MAF, Adjusted oramutagenic slope factor See Equatiod4

DFWag; Age-adjusteddermaltap water exposuractor, resident §n?-event See Equatio27
Ikg)

DFWM.q Age-adjusteddermaltap water exposuractor, mutagensresident See Equatio36

(cnP-event/kg)

2.5 Vapor Intrusion Screening Levels

Residential receptors amdmmercialihdustrial workers could be exposed to volatile compounds
vaporizedirom subsurface media (sghsand/or groundwater) through pore spaces in the
vadose zone and building foundatioons ¢lals) into indoor air. PerUS EPA guidancéUS EPA,
20029, this pathway must be evaluated if: 1) therec@mpoundpresent in subsurface media
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that are sufficiently volatile and toxiand 2) there are existing or planned buildings where
exposureguld occur. A c hemi c al i's considered to be suf fi
constant is 1 x IBatmm>mole or greater and its molecular weight is approximately 200 g/mole
or less. A chemical is considered to be sufficiently toxic if the vapor concentration of the pure
component poses an incremental life time cancer risk greater thdb driEhe noncancéazard

index is greater than@ VISLs were calculated for chemicals which aréficiently volatile

and toxicfor evaluation othe vapor intrusiopathwayfollowing the guidance in the VISL

User 6s Gui 20840 and SMEB $pécific input paramets and are summarized in

Table A4. The list of chemicals included in TablefAs not comprehensive of all potential

volatile and toxic compounds that may be present in site media. If volatile and toxic constituents
are detected in site media and arelisted in Table A4, VISLs should be calculated following

the methodologies herein and risks addressed.

TheUS EPA (20029 vapor intrusiorguidance does not support the use of bulk soil data for
evaluation of the vapor intrusion pathwagtive soil ga and/or groundwater data must be used

as appropriateAs such VISLs are neither available nor recommended for. sbils noted

however, that bulk soil data can be used in a qualitative sense to determine delineation of a vapor
source or in determininig soil has been impacteohd additional evaluation (e.g., soil gas) is

needed Conversely, it must not be assumed that-dete¢ results of volatilecompoundsn soll

eguates to an absence of a vapor source.

TheNMED VISLs should be used adiest-tier screening assessmetiowever if site
concentrations exceed the VISItsis recommended thaihe assumptions underlying tidMED
VISL calculations be reviewed and a determination made as to whether tia@pkcable at
each site.Site-specific factors may result in unattenuated or enhanced transport of vapors
towards a receptor, and consequently are likely to render thes\{é8&get subsurface
concentrationsverly or underly conservative

Application of theVISLs is appropriateas dfirst-tier screening assessment for all sites except
those wheré¢he following conditions apply. If any of the below are applicable tceaassite-
specificevaluationrmustbe conducted:

1 Very shallow groundwater sourcesd., depth to waters less than five (5) ft below
foundation level];

91 Shallow soil contaminatioresulting invapor sourcese(g, VOCs are foundt
significantlevels within10 ft of the base of the foundation);

1 Buildings with significant openings to the subsurfaeg(sumps, unlined crawlspaces,
earthen floors) or significant preferential pathways, either natdpattyrring or
anthropogenic (nahcluding typical utility perforabns present in most buildings);

1 Vapor sources originating in landfills where methane is generated in sufficient quantities
to induce advective transportathe vadose zte;

1 Vapor sources originating in commercial orusttial settings whereaporforming
chemicals can be releasethin an enclosed space and tfapordensity ofachemical
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may result in significant advective transport of the vapors downward through cracks and
openings inlbors and into the vadose zoredor

1 Leaking vapors from gas transmission lines.

It is emphasized that the NMED VISLs are not meant to be used as action standards or cleanup
levels. Rather, theyhouldbe used as a tool &stimatepotentialcumulativerisks and/or

hazards from exmure to volatile and toxic chemicals at a site where the underlying assumptions
aredeemedhppropriateand if further evaluation iequired(See Section 2.5.Evaluation of the
Vapor Intrusion Pathwgy

2.5.1 Calculation of Vapor Intrusion Screening Levels

NMED VISLs were calculated per US EPRJ02¢ 2009, and20159 methods anguidance.A
risk-basedarget indoor air concentratiavas usedsa basisfor backcalculatingan allowable
amount of a contaminant in s@hs and/or groundwater assuming aaeramount of
attenuation and dilution through the vadose zone and into the building.

Attenuationis the reduction in concentrations that occurs through migration in the subsurface
combinedwith thedilution thatoccurswhen vapor enters a building amdx with indoor air.

The attenuation factor is expressed as the ratio of concentrations of chemicals in indoor air to the
concentration# subsurface vaporAlthough denuation factors are site specific arahvary
depending oseveralariablege.g.soil type, depth of contamination, building characteristics

and indoor air exchange rafeSMED VISLs were calculated utilizintyS EPAdefault

attenuation factorg/hich are based on conservative assumptions and empiricalAata
recommended by US EPR{159, a default attenuation factor o08.was applied to establish

soil-gas VISLs, and a default attenuation factor of 0.001 was applied in establishing groundwater
VISLs. Soil-gas VISLswere calculated by dividing the ridlasedarget indoor air

concentration byhe defaultattenuatiorfactor, as shown in EquatioB®9. Equation40 also

shows that gpundwater VISLsvere calculated by dividing the riddased target indoor air
concentration by the default attenuatfantor andconverting the vapor phase concentration to a
groundwater concentratiartilizing a conversion factorande nr y 6 s L atwesfmate st ant s
partitioning between the aqueous phase and vapor phasejrassguilibrium between the two
phases.
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Equation 39
Calculation of Vapor Intrusion Screening Levels
w"0"YD
: . 0
WOYV == —
Ouvo| p 1o
Parameter Definition (units) Default
VISLsq Vapor intrusion screening levir soil-gas (ug/m) Chemicaland receptoer
specific
VISL gw Vapor intrusion screening level fgroundwater (ug/L) Chemical and receptor
specific
Cindoor Target indoor air concentratigpg/m?) Chemical and receptor
5 specific
U Attenuationcoefficient (unitless) 0.03 (soil-gas)
0.001 (groundwater)
HLC Henr yo6s L awtanGayditesnpesatute of @3 ( Chemicalspecific
(unitless)

The NMEDgroundwateNISLs were calculated based on a defatdhdardemperature of 25
degree<elsius C). Although goundwater temperaturesratinysites in New Mexico would
likely belowerthan 25 degrees,Ghis default value was selectaxbe protective of all sites in
New Mexico.

Therisk-basedarget indoor air concentrations were calculated usigPA 009,2015¢ and
20143 algorithms current toxicity dataand exposure factotsed in the evaluation of other
exposure pathways outlined in this documdfquations40 through43 presenthe formulasand
exposure parameteusedfor calculating riskbased taget indoor air concentians for

residential receptorsSeparate indoor air concentrations were calculated for carcinagahic
noncarcinogenicontaminantsand alternate methods were utilized for vinyl chloride and other
compounds that are carcinogenita a mutagenic mode of actiokquations44 through56
presenthe formulasand exposure parametersedfor calculatingcarcinogenic and
noncarcinogenitarget indoor air concentrations for tt@mmercial/industrial scenarid.arget
indoor air concemations for ecological receptors and the construction worker scenario were not
calculatedasthe vapor intrusioexposure pathway typically incomplete for receptorthat

spend their timeutdoors Under unique circumstances, such as work being conducted in a
trench or other low lying areas where vapors could accumulate, special assessheenapor
intrusion pathwaynay be requiredbr the construction worker. The need for evaluation of the
construction worker will be made on a cdsgcase basis.
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5
Parameter Definition (units) Default
Cindoor Target indoor air concentratigpg/m?) Chemicalspecific
TR Target risk level 1E-05

AT, Averaging time for carcinogens (days) 25,550

EF Exposure frequency (days) 350

ED Exposure duration ¢y 26

ET Exposure timg24 Ir/day x 1 day/24 1) 1

IUR Inhalation unit risk (ug/f)* Chemicaispecific

Equation 40
Calculation of Target Indoor Air Concentrations i Carcinogens
Residential Scenario

Calculation of Target Indoor Air Concentrations i Noncarcinogens

Equation 41

Residential Scenario

5 J
Parameter Definition (units) Default
Cindoor Target indoor air concentration (ughm Chemicalspecific
THQ Target hazard quotient 1
ATnc Averaging time for noncarcinogens (days) ED x 365
EF Exposure frequency (days) 350
ED Exposure duration ¢y 26
ET Exposure timeZ4 hr/day x 1 day/24 B 1
RfC Inhalation reference concentratimg/m®) Chemicalspecific
Equation 42

Calculation of Target Indoor Air Concentrations i Vinyl Chloride

5
Parameter Definition (units) Default
Cindoor Target indoor air concentration (ughm Chemicalspecific
TR Targetrisk level 1E-05

ATc Averaging time for carcinogens (days) 25,550

EF Exposure frequency (days) 350

ED Exposure duration ¢y 26

ET Exposure time (24riday x 1 day/24 1) 1

IUR Inhalation unit risk (ug/r§)* Chemicalspecific

Residential Scenario
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Calculation of Target Indoor Air Concentrations i Mutagens

Equation 43

Residential Scenario

5
Parameter Definition (units) Default
Cindoor Target indoor air concentration (ughm Chemicalspecific
TR Targetrisk level 1E-05
AT, Averaging time forcarcinogens (days) 25,550
EF Exposure frequency (days) 350
EDo-2 Exposure duratior2 yr) 2
ED2s Exposure duration (8 yr) 4
EDe¢.16 Exposure duration (&6 yr) 10
ED1626 Exposure duration (186 yr) 10
ET Exposure timg24 hr/day x 1 day/241) 1
IUR Inhalation unit risk (ug/f)* Chemicaispecific
Equation 44
Calculation of Target Indoor Air Concentrations i Carcinogens
Commercial/Industrial Scenario
0
Parameter Definition (units) Default
Cindoor Target indoor air concentration (pghm Chemicalspecific
TR Targetrisk level 1E-05
AT, Averaging time for carcinogens (days) 25,550
EF Exposure frequency (days) 225
ED Exposure duration ¢y 25
ET Exposure timg8 hr/day x 1 day/24 1) 0.33
IUR Inhalation unit risk (ug/r§)* Chemicaidspecific
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Equation 45
Calculation of Target Indoor Air Concentrations i Noncarcinogens
Commercial/Industrial Scenario
) J
Parameter Definition (units) Default
Cindoor Target indoor air concentration (ughm Chemicalspecific
THQ Target hazard quotient 1
AT Averaging time for noncarcinogens (days) ED x 365
EF Exposure frequency (days) 225
ED Exposure duration ¢y 25
ET Exposure timg8 hr/day x 1 day/24 if) 0.33
RfC Inhalation reference concentration (mé/m Chemicalspecific

2.5.2 Evaluation of the&/apor IntrusionPathway

During the investigation phase MOCs are detected in soil and/or site history indiette
potential for VOCs in site media, soil gas samples and groundwater sampling are likely to be
required. The need for collection of soil gas data will be made on dgasse basiwith input
from NMED.

The assessment of the soil gas and groundwater data should include evaluation of the vapor
intrusion pathway. Two types of soil gas data are collected: passive and active. Passive soil gas
results are used for nature and extent purposestordgtermine the absence or presence of

VOCs. Active soil gas data are required for quantitative risk assessments.

Chemicals that should be considered for the vapor intrusion pathway include those with a
Henr yos | afappraxinataytlx fidtatm-m®mole or greateramolecular weighof
approximately 200 g/mole or leasadknown to pose a potential cancer risk or noncancer hazard
through the inhalation pathwayf all three of these criteria are met, the constituent is considered
volatile and taic. Table A4 contains the VISL$or chemicals whichnet these three criteria.
However, this lisin Table A4 is notcomprehensive and any additional compoumégting the
above three criterinot listed in Table A andpresenin site media willregure additional

analyses following the methods contained herein

The USEPA no longer recommends usebotk soil (as opposed to soil gagtafor a
gualitativeestimae ofthe potential for vapor intrusion to pose unacceptable human health risk in
indoor air as was done using the Johnson and Ettinger (J&E) moddEPA015). This is due

to thepotential for vapor loss due to volatilization during soil sampling, preservation, and
chemical analysisin addition, there are uncertainties associatgd soil partitioning
calculations.As such, use of bulk soil J&Eesultsis notrecommendedr preferred as a line of
evidence tsupport an evaluation of the vapor intrusion pathwaylieu of using results from

the J&E bulk soil model, the lines e¥idence approach outlined in Sections 2.5.2.1 through
2.5.2.3 should be followed.
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For each site investigatiamonducted in New Mexicamne of the following three designations
shall be madéor the vapor intrusion pathwa$) incomplete pathway and natian required; 2)
potentially complete pathway and a qualitative evaluagoired or 3) complete pathway and
guantitative evaluatiorequired

2.5.2.1 IncompletePathway; No Action Required

If volatile and toxiccompoundsre not detectekh soil gas and/ogroundwatermeaning all the
results were 100% neatetectsthen the vapor intrusion gravay is considered incomplet&he
risk assessment must include a brief discussion of this determination.

2.5.2.2 PotentiallyComplete Pathway; Qualitative Discussion

If all the following criteria are meturing investigation samplinghe pathway is considered
potentially complete and a qualitative discussion of the vapor intrusion pathway will be required:

1 Detectionf volatile and toxic compoundse minimally detectefe.g., once or twice)
in site media (soll, soil gas, and/aogndwater,)

1 Concentrations are below screening levels WESLs for soil-gas and/or groundwater
Table A4);

There is no suspected source(s)violiatile and toxic compoungand

1 Concentrations are decreasing with depth (for soil).

In addition, ifvolatile and toxic compoundgere present at a site but the source(s) and
associated contaminated soil have been remarmdthe following criteria have been met, only a
gualitative assessment of the vapor intrusion pathway will be required:

1 Confirmation ampling indicates removal of the source with minin@htile and toxic
compoundsletected in soil/soil gas or groundwater data,

1 Concentrations are below screening levels WESLs for soil-gas and/or groundwater;
Table A4),

No evidence to suggedensesinking vaporsand
1 Concentrations decrease with depth.

2.5.2.3 CompletePathway;QuantitativeAssessment

If volatile and toxic compoundse detectedonsistently in site media during investigation or
confirmation samplingconcentrations are detected at depth or show increasing concentrations
with depth in soil, and/or there is potentially a source(siheolatile and toxic compounds
based on site history, a quantitative assessment of the vapor intrusion pathwaiyes req
following a tiered approach, until the conditions of a given step are met.
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Step 1 Compare the maximum detected concentration for soil gas or groundwater against the
NMED VISLs. If active soil gas data are collected from soils located outside of a
structure or below a slab, the VISL target sub slab and exterior soil gas concentrations for
a target cancer risk of 1@ and a target hazard quotient of 1.0 should be applied. The
VISL target groundwater concentrations for a target cancer risk-06Had a target
hazard quotient of 1.0 should be applied for groundwater diaaimportant to note that
cumulative risk and hazard estimates from the vapor intrusion pathwstpe added to
the cumulative risk and hazard from other exposures at thig gtesoil and tap water
exposure pathwayper Equation$9 and60. The NMED VISLs may be modified using
additional sitespecific data and as approved by NMED. If the risks/hazards are
acceptable, no additional evaluation is needed; otherpriseeedo Step 2.

However, the comparison of sample concentrations to i5esvs only one line of
evidence to assess risk at a sitée singlechemical VISLs do not account for the
cumulative effect of all vapeiorming chemicals that may be present. Thus, if multiple
chemicals are present, a health threat may exist atdisjpelilding or site even if none
of the individual substances exceeds its VISL. The resulting cancer/noncancer risks
calculatedusing the VISLs must be added to other site risks, per Equaioanrsd3® in
Section 5.0

Step 2Per theUS EPAvapor intusionguidancgUS EPA, 2015) if initial screening using
VISLs results in excess risklS EPA recommends considering whether the assumptions
underlying the generic conceptual model are attained at a giverifghiey are not
attained, then the mediuspecific VISLsshouldnot be relied upon as a line of evidence
for identifying sites or buildings unlikely to pose a health concern through the vapor
intrusion pathway.If the screening analyses following the approach in Step 1 results in
excess risk/hazd, the following should be conducted.

Evaluation of the vapor intrusion pathway should be based on multiple lines of evidence
developed to support a refined and technically defensible CSM and a thorough
characterization of potential subsurface vaporssar This can be accomplished by
gathering and interpreting information on:

A Subsurface vapor sources. This should include a thorough review of the site
history and identification of potential subsurface vapor sources. This information
should be accompé#d by media specific data to confirm the presence of a vapor
source at the site. The medipecific data should reflect spatial and temporal
variations. Groundwater and soil gas concentrations should be compared to
NMED VISLs to evaluate source strehgind the potential for impacts to human
health if the vapor intrusion pathway is complete.

A Vapor migration and attenuation in the vadose zone. This should include soil gas
data that represents spatial and vertical variations in soil gas concentrations,
information on site geology and hydrogeology, and identification of any
preferential pathways (e.g., utility conduits in the subsurface) for chemical vapors
between the source and building.
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A The building foundation. This should include information on troigon
materials, preferential pathways (i.e., openings) in the foundation,
heating/cooling/ventilation system characteristics, photoionization detector
readings at potential openings to the subsurface, grab samples of indoor air close
to potential vapoentry points, and information on building pressure gradients.

A The building interior. This should include coinciding subslab soil gas and indoor
air measurements, results of ssfgecific transport modeling, and comparisons of
subslab soil gas and indoar sampling results to determine ssgecific
attenuation factors.

A Sources of VOCs within the building and in ambient air. Information is needed to
identify sources of VOCs inside and outside of the building that could potentially
impact indoor air corentrations of VOCs. Note that outdoor air samples should
be takerin conjunction withcoinciding subslab soil gas and indoor air samples
arecollected

A Additional lines of evidence, such as statistical analysike gathered data.

Thecollected lines of evidence should be assessed for concordance. If concordance can
be reached, decisions regarding the vapor intrusion pathway can be made with
confidence. However, some lines of evidence may not be definitive. Indoor air and
subsurfacesoil gas concentrations can vary greatly both temporally and spatially. Some
individual lines of evidence may be inconsistent with other lines of evidence and lead to
the need for additional evaluation. If concordance among the lines of evidence @annot b
determined, the evaluation of the vapor intrusion pathway should move to Step 3.

Step 3When lines of evidence are raincordantand the weight of evidence does not support a
confident decision, additional sampling or collecting additional linesideace may be
appropriate, depending upon the CSM.

Step 4If it is determined that vapor intrusion can potentially impact human health, NMED
generally recommends that a human health risk assessment be conducted to determine
whether the potential for human health risks posed to building occupants is within or
exceeds acceptable NMED levels. The risk posed to building occupants by vapor
intrusion depends upon chemical toxicity, vapor concentration in indoor air, the amount
of time the occupants spend in the building, and other variables. NMED recommends
that riskassessment guidance be used to identify, develop, and combine information
about these variables to characterize health risks stemming from vapor intrusion from
subsurface vapor sources.

2.6 Beef Ingestion Soil Screening Levels

For those sites greater th@avo acres in size, grazing of cattle must be evaluated to determine if
beef ingestion is a plausible and complete exposure pathway. If grazing is not permitted (or
could not be permitted due to land use restrictiarsthe land does not support graz{eq.,
insufficient forage and/or water availability, terraam highly industrialized argdines of

evidence must be provided to demonstrate this as an incomplete pathway
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If grazing is viableor if a facility may potentially allow grazing on landssome time in the

future aqualitativeassessment of ingestion of beef from cattle grazing on potentially
contaminated sites is requiredhile preliminary remediationagls (PRGs) are available from

the Risk Assessment Information System (RAIS)iae tool, the model has not been updated to
reflect current risk assessment input parameters or methodology. As such, the beef ingestion
pathwaycan be addressed imgaalitative assessmeintthe Uncertainties Sectiaf the risk
assessmenprovidingmultiple lines of evidence toharacterizgpotential risks. Acgatable lines

of evidence may include the following:

1 Percent of acreage impacted by site contamination is less than two acres in size resulting
inonlyaf racti on of t he focagenwsiage, grdingheing(potenttallys onl vy,
contaminated,;

Levels of contamination are below residential screening levels;

No significant ecological risks for the larger game receptors; and

Beef ingestion rates (or percentage of beef in diets) fqudtential receptors for the

region/area.

= =4 =

2.7 Site Characterization

Thesite characterizatiophase is intended to provide | spatial and contextual information about
the site, which may be used to determine if there is any reason to believe that recdfiors an
complete exposure pathways may exist at or in the locality of the site where a release of
hazardous waste/constituents has occurBagting site characterization, the data quality

objectives are defined, and site sampling is conducted to define aaidiextent of

contamination. During the development of the site characterization work plan (e.g., RCRA
Facility Investigation work plan), site history should be reviewed to determine preliminary
COPCs that should be included in sampling, determine bawkd threshold values (BTVs) and
define a preliminary site conceptual exposure model (SCEM) to ensure all appropriate media are
sampled.

Risk assessments are conducted once the nature and extentaofiinatiorhas been defined.
2.7.1 Development of Data Quality Objectives

Before any environmental samples are collected, data quality objectives (DQOs) should be
developed. The DQOs should address the qualitative and quantitative nature of the sampling
data, in terms of relative qualignd intent for use, to ensure that any data collected will be
appropriate for the intendgulirpose Development of the DQOs should consider not only

precision, accuracy, representativeness, completeness, and comparability of the data, but also the
samplirg locationsmethods of sample collectiptypes of laboratory analyses used, sensitivity

of detection limits of the analytical techniques, the resulting data quality, and the employment of
adequate quality assurance/quality control measures.
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2.7.2 Determinaton of Background ThreshoWhlues

Site-specific BTVsshouldbe established during a sipecific soil background studysing a
methodology reviewed arapproved by NMED. Sample size, locatioas well asther site
specific parameters for background data sets should be outlined during the DQO process
presented in thassociatedtudywork plan. Guidance on the process of conducting a
background soil study is beyond the scope of this document. Howeséollttwing criteria are
representative of a defensible background data set:

1 Includes enough data for statistical analyses;
1 Free of outliers;

1 Reliably representative of the variations in background media (e.g., soil types or
groundwater horizons);

1 Collecked from areas where there is no potential for site contamination based on site
history;

Areas not impacted by neighboring areas of contaminatiossitefimigration);
Collected from areas that are upwind of contaminated soil;
Collected from areas thateaupgradient of site contamination;

=A =A = =4

Collected from soil types that are lithologically comparable to the samples that will be
collected from contaminated areas; and

1 Collected from depths that correspond to the exposure intervals that will be evaluated
during human and ecological risk assessments.

An adequate sample size will likely capture a reliable representation of the background
population while meeting the minimum sample size requirements for calculating BTVs and
conducting hypothesis testing. US EER®15b)recommend40 to 15sampés for each

background data set, baore are preferabléWhile it is possible to calculate BTVs with small

data sets containing as few as three samples, these results are not considered representative and
reliable enouglio make cleanup or remediation decisions. Therefore, a minimum sample size of
10 is required to calculate BTVs and conduct hypothesis testing. The size of the background
area and size of the site or facility under study should also be considerednmmatesample

size. That is, if the background and site areas are relatively large, then a larger background data
set (e.g., > 10 samples) should be considered (US EPA, 2015b). Background soil data are often
grouped according to depth (e.g., surfacesubsurface) or soil type. It is important to note that

the minimum sample size of 10 should be met for each grouping of data to compute BTVs for
each soil horizon or soll type.

Determination of BTVs should be conducted using current ProUCL softwaiguatahce. In
general, BTVs should be based on 95% upper tolerance limits JWwiths95% coverage

Exceptiors can occuon a caséy-case basishenthe estimated 95% UTL is significantly

greater (more than 1.5 times) than the maximum detected conientréhis may be an

indication that the 95% UTL is based on the accommodation epftowability outliers (which

may or may not be attributable to the background population) or highly skewed data sets and/or
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possibly inadequate sample size. In thesesgdlse project team may choose to evaluate the
possibility of additional potential outliers or collection of more data. In lieu of collection of
additional data to resolve the elevated UTL issue, the maximum detected concentration should be
used as the BT.

2.8 Site Assessment

Once nature and extent of contamination has been definesitdtassessment phase serves to
determine potential exposureshe SCEM is refined to developGEM, providing a list of the
exposed receptors and complete exposure pathieafigther assessment (i.e., a screening level
assessment)The data may also be used to assess whatkem measures are required or
whether the site poses minimal threat tanlan and ecological receptors at or near the site.

The ultimate purpose of the site assessment phase is to address the question: Are exposure
pathways complete regarding contaminant contact by receptors? A complete site assessment will
consist of severateps:

Develop aefinedCSM,;
Determine exposure intervals;
Identify preliminary COPCsand

=A =A = =4

Compare maximun€OPC concentratiorfer consideration of complete exposure
pathways with SSLs

If the site maximums are above the SSLs, a Tier 2 approachendgemed appropriate by
NMED using the 95% UCL value for contaminant concentrations (or detection/quantitation
limits for nondetect results).

2.8.1 Development of &efinedConceptual Site Model

A CSM is athreedimensionabraphical representation of site conditions that conveys what is
known or suspected, at a discrete point in time, about thepetdfic sources, releases, release
mechanisms, contaminant fate and transport, exposure routes, and potential recept@&M The
is generally documented by written descriptions and supported by maps, geologieal cross
sections, tables, diagrams and other illustrations to communicate site conditions. When
preparing a CSM, the facility should decide the scope, quantity, andmetegtihe information

to be included, balancing the need to present as complete a picture as possible to document
current site conditions and justify risk management actions, with the need to keep the
information focused and exclude extraneous data.

As afinal check, the CSM should answer the following questions:

1 Are there potential land uses present (now or in the foreseeable future) other than those
covered by the SSLs (refer to US EPA 1989)

1 Are there other likely human exposure pathw@yg.vapor ntrusion,direct exposure to
groundwater, local fish consumption, raislgmegrown producdeef, dairy, or other
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livestock)that were not considered in development of the SSLs (refer to US EPA?1989)

1 Are there potential ecological concernsfér to Volune Il of the SS)@

If any conditions such as these exist, the SSLs may need to be adjusted to reflect this new
information.

2.8.2 Determine Exposure Intervals

Based on current and potential lamge scenarios, receptors for completed exposure pathways

can beexposed to varying depths of soil, or soil exposure intervals. Per US EPA (US EPA

1989), depth of samples should be consideard surface soils should be evaluated separately

from subsurface soils due to possible differences in exposure levels thdthecehcountered

by different receptors. Exposure intervals for each receptor are based on the types of activities in
which each receptor is likely to be involved. Default exposure intervals are summarized in Table
2-6.

It is assumed that commercial/ustrial workers would only be exposed to surface soilks fi@et

bgs). As stated in Section 2.3.1, this receptor may be involved in moderate digging associated
with routine maintenance and grounds keeping activities. Therefore, COPC concentrations in
soil in the surface soil interval {0 feet bgs) should be considered when evaluating exposure by
a commercial/industrial worker receptor.

As stated in Section 2.3.2, a construction worker is assumed to be exposed to surface and
subsurface soils up to depthisO-10 ft bgs. Construction workers are involved in digging,
excavation, maintenance and building construction projects and could be exposed to surface as
well as subsurface soil. Therefore, a soil exposure intervall6fféet bgs should be considgre
when evaluating exposure to soil by a construction worker.

Residents could be exposed to surface and subsurface soils during home maintenance activities,
yard work, landscaping, and outdoor play activities. Therefore, an exposure soil interidl of O
feet bgs should be assumed when evaluating soil exposure by a residential receptor.

Exposure to COPCs in soil by ecological receptors should be addressed separately in a tiered
approach as outlined in Voluntieof this document and QYMED (2014). Howeve, a

discussion of soil exposure intervals for ecological receptors is warranted here because
ecological receptors are considered in the CSM and depending on the types of ecological
receptors, thereouldbe a differential in exposure levels due to sopgasure intervals.

Burrowing animals would be exposed to deeper soils, whereas all other animals would only be
exposed to surface and shallow subsurface soils. Therefore, maximum concentrations of COPCs
in soil 0-10 feet bgs should be assessed for bumgwnimals. Maximum COPC concentrations

in soil 0-1 ft bgs should be assessed for all other animals.
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Table 2-6. Soil Exposure Intervals

Receptor Exposure Intervals (Soil)

Resident (adult and child) 07 10 ft bgs
Commercial/lndustrial Worker 07 1ftbgs

Construction Worker 07 10 ft bgs

Vapor Intrusion Depth of maximum detectior]
Soil-to-Groundwater Migration Depth of maximum detectior
Ecological Receptors (ndourrowing) | 07 1ft bgs

Ecological Receptors (buwwing) 07 10 ft bgs

2.8.3 ldentification of COPCs

COPCs are those substances (including transformation or breakdown compounds and companion
products) likely to be present in environmental media affected by a release. Identification of
COPCs should begin with existing knowledge of the process, prodweaste from which the
release originated. For example, if facility operations deal primarily with pesticide
manufacturing then pesticides should be considered COPCs. Contaminants identified during
current or previous site investigation activities shalsb be evaluated as COPCs. A-site

specific COPC list for soil may be generated based on maximum detected (or, if deemed
appropriate by NMED, the 95% UCL value) concentrations (US EPA 2002b) and a comparison
of detection/quantitation limits for nestetectresults to the NMED SSLs. This list may be

refined through a sitepecific risk assessmerfeor the initial screening assessment, duplicates
shouldbehandled using the higher concentration as the EPC; averaging of the data is not
appropriate for the itial screening assessment.

2.8.3.1 Organics and Chemicals without Background Data

Per US EPA guidance (US EPA 1989), if there is site history to indicate a chemical was
potentially used/present at a siteif there is insufficient site history to demonstrate that a
chemical could not be preseand the chemical was detected in at least one sathge,
chemical must be included as a CO&@ evaluated in the screening assessntaeguency of
detectionor other lines of evidence may rm#used to eliminate a chemical as a COPthere
is history to indicate it is potentially present due to site activities; although these lines of
evidence may be addressed in the uncertainty analysis for the risknasses

It is possible a site may have been impacted by atfitropogenisources.As one line of
evidence to help assess site impact to certain orga®eslopment obaselindevels for
organics may be appropriate. For examBleHs may be presedue to runoff fronnearby
paved/industrial structures, and dioxins/furans @aybiquitousiue to natural fires. If there
are other potential sources of organics, the site characterization work plan should include
sampling to determinleaselineorganiclevels. In lieu of baselinesampling, additional lines of
evidence may be required to justify the organics as not being site reffatettrs to consider are
proximity to other source areas fayntaminatior(e.g.,paved roads)ynagnitudeof detection,
spatial variability.
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2.8.3.2 Organics and Chemicals with Background Data

For organics and inorganics where background aa&tavailable a comparison of site
concentrations to appropriate background concentrations may be conducted prior to evaluation
against SSLs. Those organics and inorganics that are present at levels indicative of natural
background may be eliminated as COPCs and not carried forward to the screening assessment
calculations. Comparison to background must be conducted followirgntlws EPA

Guidance and as outlined herein. The general process is a tiered approach.

2.8.3.2.1 Discrete Samples

Fordiscrete data, the followintiered approackhould be applied for determining if site data are
reflective of background conditions

Step 1. Compare the maximum detected site concentration to thepetefic background
reference values (upper tolerance lioritupper threshold valyieeterminedor each
soil typeand soil deptfat thesite. If the site maximum is less than the background
reference value, it is assumed that the site concentrations are representative of
background and the metal/inorgapiganicis not retained as a COPC. If taas no
background value for a constituent, thiea constituent must lretained as a COPC.

Step 2: If the maximum site concentration is greater than the background reference value,
then a twesample hypothesis test should be usecbmpare the distnilions of the
site data to the distributions of background data to determine if site concentrations are
elevated compared with backgroundl.simple comparison to the range of
background is not acceptable. Background can vary across a site (espegeily lar
sites) and not allow for soil type to be taken into consideration. Further, a range can
mask low level contaminationComparisons of site data to the range of
background valuesor comparison to the maximum detected concentration ithe
background data set camot be used as a line of evidence to eliminate site
constituentsas COPCs.

The most recent version of US EPAOGs ProUC
hypothesis testingProUCL will also be used to determine the most appropriate test
(paranetric or nonparametric) based thee distribution of the dataAppropriate

methodsn ProUCL will also be useth compute sitdéo-background comparisons

based on censored data sets containingdebect valuesA review of graphical

displays(e.qg., boxplotsandQ-Q plots)may also be provideith addition to the results

of the statistical test® provide further justification in determining whether site

concentrations are elevated compared with backgrotlihdse graphical plots can be

also be generated by ProUCL software.

Note that the above twsample test can only be used $ite datasets that have

sufficient samples (i . egreatemtha®detdcted and nu mb
observationss prefered). While a minimum of 10 background datamplesare now

63



RiskAssessment Guidance for Investigations and Remediation
Volume |
February 2019, Re2 (6/1919)
required, there may be sites where background has been predetesiyined from
a data set thatontairs fewer than 10 sample#s stated in the current version of
ProUCL User 6s 2oush,dgotiedisSestiagrisionly considered to be
reliable with sufficient samplterecare ze (n C
not at leaseightsamples in the site data set and at léastdetections, then the site
maximum detected conceations will be compared to the corresponding background
value (ie., 95% upper tolerance limit) as noted in Step 1 or additional data must be
collected to conduct a twiailed test.

Step 3: Additional lines of evidence may be used to justify exclusioa adnstituenas
being site related, such as site histbigh percentagef nondetects, etcHowever,
these lines of evidengrust bebased on a sufficient number of sampteadequately
define nature and extent and to clearly delteepotential hajpots. For areas where a
hotspot may be present, additional actions are req(stexh as sampling and/or
corrective actionsand the conguent(s) must be retained as a COR@mparison of
site data to regional dafauch as US Geological Survey (USG8jabases not
specific to the sifeandsimple comparison to a range of dataguartilesarenot
acceptable lingof evidence.

2.8.3.2.2 Incremental SitéMethodology(ISM) Data

If ISM data are to be collected, a similar process as above comparing site data to background
may be conducted. However, t#8M BTVs must also be derived using the ISM approach.

ISM data may not be compared to BT\6 based on discrete samplingProUCL isbeing

updated to include hypothesis testing aattulation of statisticallderived upper thresholds for
ISM data. However, until such statistical evaluations are available in Rrab€following
approach should be conducted for comparing site ISbtground ISM data:

1 If the site ISM maximum detectembncentrations less than the backgroundnimum
ISM, theconstituenimay be considered present at ambegamtcentrationsnd does not
require retention as a COPC.

1 If the site ISM maximum falls withithe range of background ISM, a qualitative
discussion and lines of evidence must be provided to justify exclusion of the constituent
as a COPCEvaluationof triplicate data should be included.

1 If the site ISM maimum is greater than the background IShhimum, the constituent
must be retained as a COPC.

2.8.4 Initial and RefinedexposurePoint Concentrations

For the initialevaluation the maximum detected concentration shall be used as thel&PiS.

determined that further assessment is warrantedS@aen 5), refinement &PCsshould be

conducted.US EPA(1989)recommends using the average concentration to represent "a

reasonable estimate of the concentration likely to be contacted over tUiS&.P A @.39D)

Supplemental Guidance to RAGSilculating the Concentration Termit at es t hat |, N bec
the uncertainty associated with estimating the true average concentration at a site, the 95 percent
upper confidence limitYCL)of t he ar it hmetic mean should be
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2.8.4.1 Discrde Data

Upper confidence limitshouldonly be calculated for data sets that meet the US EBASQ

minimum requirements for calculating UCLs. The minimum requirements for calculating UCLs

are 1) each data set must contain at least eight samplesi(i.eQ 8) for the anal yt
evaluatedand?2) there must be a minimumbfed et e c t i & degectgd bbsesvatipns)@or

the analyte being evaluated. Although it is possible to calculate UCLs with small datasets (i.e., n

O 8) and | ofwetdctiore(iewx & detedted sbseovations), these estimates are not
considered reliable and representative enough to make defensible and correct cleanup and
remediation decisions (US EP20)15h. Therefore, UCLshouldonly be calculated for data

setsthat meet the minimum requirements for calculation UCLSs.

UCLsshouldbe cal cul ated wusing the most current ver
software package. Statistical methods for calculating UCLs are dependent on the distribution of

the data. Tarefore, when calculating UCLs, ProUGhouldbe used to perform statistical tests

in order to determine the distribution of the site data. If assumptions about the distribution

cannot be made, then nonparametric meticadbe utilized. ProUCL recommesd

computational method for calculation of the 95% UCL based on the assumed distribution.

Using parametric and nonparametric methods, ProUCL will typically return several possible
values for the UCL.Professionagjudgmentshouldbe used in selectinfp¢ most appropriate
UCL; however, the UCL recommended by ProUi€lbased on the data distribution asd
typically the most appropriate value lte adopted as the EPC for use in risk assessnfieists.
important to note that the UCL should not be gredi@n the maximum detected concentration.

Non-detectqcensored datasetshouldbe evaluated following the appropriate methodology

outlined inthe most recent versionofS EPAGs Pr oUCL. Clreentlip, the cal Gui d
ProUCL Technical Guide indicates that the Kapleier (KM) method yields more precise and

accurate estimate of decision characteristias those based upon substitution gegtession on

order statisticsUse of onehalf theminimum detection limitNfMDL) or sample quantitation limit

(SQL), or other simple substitution methodse not considered appropriate methods for

handling nordetects.

2.8.4.2 ISM Data

The Interstate Technology & Regulatory CouffilRC) 2012gui dance states that
all of the UCL méhods that are applied to discrete sampling results can also be applied to ISM.

In practice, however, because fewer than eight replicate ISM samples are likely to be collected

for a decision unit (DU), fewer options are typically available to calculak€lacompared with

di screte sampling data. o For those DUs where
currentversionof U PA6s ProUCL should be used to cal cul
UCL (if less than the maximum) used in the risk asseasniTriplicates should be

conservatively represented in the calculation of the UCL as the maximum of the detected results,
which will bias the UCL high.
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For those DUs where there are three (3) to eight (8) SUs, ITRC (2012) daBAJ&015b)

guidance indicate that not all of the UCL calculation methods provided in ProUCL are reliable.

|l nstead, | TRC (2012) gui darUGCLonthe CheloyshevdJEL t h a't
be used for DUs with-8 SUs. For these DUs (with-8 SUs), ProUCL should be run and the
Studentds t UCL used as the EPC if (tfthe data a
data are determined to not be normally distributed, the 95% Chebyshev UCL should be used as

the UCL. Triplicate datahouldbe represented by the maximum of the detected values.

For DUs with 12 SUs, a UCL should not be calculated; the EPC should be the maximum
detected concentration.

For chemicals with both nedetected results and detected results, the Kagkiar based QLs
(usi ng -ttGhebgsheyv)&would be used, as recommended BRAS2015b)
guidance.

3.0 CHEMICAL -SPECIFIC AND PHYSICAL -CHEMICAL PARAMETERS

Chemicalspecific parameters required for calculating SSLs include the organic carbon
normalizedsoil-water partition coefficient for organic compoundsdKthe soilwater partition

coefficient (Ky), water solubility (S), octanelater partition coefficient (K) |, Henryodos Law
constant (H), diffusivity in air (B, and diffusivity in water (R). Thefollowing sections

describe these values and present methodologies for calculating additional values necessary for
calculating the NMED SSLs.

3.1 Volatilization Factorfor Soil

Vol atile chemicals, defined as t haterthandbhe mi c al
05 atmm3mole and a molecular weight less than 200 g/mole, were screened for inhalation
exposures using a volatilization factor (VF) for soils. Thetsedir VFsis used to define the
relationship between the concentration of the contamhinasoil and the flux of the volatilized
contaminant to ambient air. The emission terms used in the VF are chepdcdic and were
calculated from physicathemical information obtained from several sources including: US

E P A $oi Screening Guidanc&echnical Background DocumefdS EPA, 1996a),
Supplemental Guidance for Developing Soil Screening Levels for Superfun@SiteBA
2002a) US EPAMaster Physical and Chemical Parameter table for develophel@ EPA
Regioral Screening Levelgefer b US EPA20163, USE P A Basics of Pump and Treat
Groundwater Remediation Technolggfd S E P A 1 9 9 Mérmal ExSosuke Agséssment
(US EPA 1992p Superfund Public Health Evaluation ManyalS EPA 1986)USE P AG s
Additional Environmental Fate Consta{US EPA 1995), Hazardous Substance Release/Health
Effects Database (ATSDR 2003), the RAIS database (DOE 2005), and the CHEMFACTS
database (US EPA 2000). TheMér the residential and commercial/industrial scenasos
calculated using Equatict6 while the VRw for the construction worker is calculated using
Equation47.
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Equation 46
Derivation of the Volatilization Factor for Residential and
Commercial/Industrial Scenarios
Q/C,* (314 D, * T)% 10
VF, =
(2,2 D,)

Where:

(ax*D,Hi+ 4D, )9

€ 2 u

o -8 n 0
oK ta, taHi
Parameter Definition (units) Default
VFs Volatilization factorfor soil (m®/kg) Chemicalspecific
Da Apparent diffusivity (cr¥'s) Chemicalspecific
Q/Cual Inverse of thanean concentration at the center of 68.18
0.5 acresquare source (gfs per kg/m)
T Exposure interval (s) 9.5e+08
lb Dry soil bulk density (g/cr) 1.5
n Total soil porosity T (ru/rs) 0.43
Oa Air-filled soil porosity (n- qw) 0.17
Ow Waterfilled soil porosity 0.26
rs Soil particle density (g/ch 2.65
Da Diffusivity in air (cn?/s) Chemicalspecific
HO Di mensi onl ess Henryos Chemicalspecific
Dw Diffusivity in water (cni/s) Chemicalspecific
Kq Soil-water partition coefficient (ctg) = KocX foc Chemicalspecific
(organics)

Koc Soil organic carbon partition coefficient (&fig) Chemicalspecific
foc Fraction organic carbon in soil (g/g) 0.0015

67



RiskAssessment Guidance for Investigations and Remediation
Volume |
February 2019, Re2 (6/1919)

Equation 47

Derivation of the Volatilization Factor for Construction Worker Scenario

2 3 3 05 ~

vr_ =4 3.143 D, 3 T) §3 1072 Q/C? (1/F,)

¢ 2°r,*D, =

Where:
¢(0:°D.Hi+ 417D, )2
2
5 .8 n 0
A MoKyt 0yt q,Hi
Parameter Definition (units) Default
VFscw Volatilization factor for soilconstruction worker Chemicalspecific
(m*kg)
Da Apparent diffusivity (cr¥'s) Chemicalspecific
Q/C Inverse of the mean concentration at the center « 14.31
0.5 acresquare source (gfs per kg/m)
T Exposure interval (s) 3.15E+07
104 Conversion factor (Acnr) 1E-04
Fo Dispersion correction factor (unitless) 0.185
rb Dry soil bulk density (g/cr) 1.5
n Total soil porosity  (ru/rs) 0.43
Oa Air -filled soil porosity (n- qw) 0.17
Ow Waterfilled soil porosity 0.26
ls Soil particle density (g/cf) 2.65
Da Diffusivity in air (cné/s) Chemicalspecific
Ho6 Di mensi onl ess Henryos Chemicalspecific
Dw Diffusivity in water (cn/s) Chemicaidspecific
Kq Soil-water partition coefficient (cfg) = KocX foc Chemicalspecific
(organics)

Koc Soil organic carbon partition coefficient (dfig) Chemicalspecific
foc Fraction organic carbon in soil (g/g) 0.0015

While most of the parameters used to calculate apparent diffusivijyaf® either chemical

specific or default values, several stapecific values were used which are more representative

of soil conditions found i n, Nabdy,inNEquations4® . The
and47are 0.26, 0.1and 1.5 g/cr) resgectively. These values represent mean \&fhaoen a

National Resources Conservation Service (NRCS) soil survey database for New Mexico that
includes over 1200 sample points (U.S. Department of Agriculture 2Q0®EPAguidance

(US EPA2001a) provides atitional methodologies for estimating sgpecific airfilled soll

porosities and watdilled soil porosities.

It should be noted that the basic principle of the VF madelHe nr ydés Law) is appl
if the soil contaminant concentration isoa below soil saturation,& Above the soil saturation
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limit, the model cannot predict an accurate-bdsed SSL.

3.2 Soil Saturation Limit

Csatdescribes a chemicahysical soil condition that integrates certain cherrsgacific

properties with physical attributes of the soil to estimate the contaminant concentration at which
the soil pore water, pore air, and surface sorption sites are edtwittht contaminants. Above

this concentration, the contaminants may be present in free phase within the soil @sinixr
agueous phase liquids (NAPLSs) for substances that are liquid at ambient soil temperatures, and
pure solid phases for compoundatthre solids at ambient soil temperatutéS EPA 1996a).

Generic Gatconcentrations should not be interpreted as confirmation of a saturated soil
condition, but as estimates of when this condition may occur. It should be noteghthat C
concentrationare not riskbased values. Instead, they correspond to a theoretical threshold
above which free phase contaminant may exisic@ncentrations, therefore, serve to identify

an upper limit to the applicability of generic riblased soil criteria, becs& certain default
assumptions and models used in the generic algorithms are not applicable when free phase
contaminant is present in soilhebasic principle of the volatilization model is not applicable
when freephase contaminants are present. Hosgé¢hcases are handled depends on whether the
contaminant is liquid or solid at ambient temperatures. Liquid contaminants thatfFéeased
screening levels that exceedCabhwhésats toncen
(e.g., PAHS), soiscreening decisions are based on appropriate other pathways of concern at the
site (e.g., ingestion and dermal conta&ijjuation48, given below is used to calculates@or

each volatile contaminant considered within the SSLs.

Equation 48
Derivation of the Soil Saturation Limit
S
Csat: /._(Kd/b * qw + qua)
b
Parameter Definition (units) Default

Csat Soil saturation concentration (mg/kg) Chemicalspecific
S Solubility in water (mg/Lwater) Chemicalspecific
Iy Dry soil bulk densitykg/L) 15
Kg Soil-water partition coefficient (L/kg; k X foc) Chemicalspecific
Koc Soil organic carbon/water partition coefficient (L/k Chemicalspecific
foc Fraction organic carbon in soil (g/g) 0.0015
Ow Waterfilled soil porosity(Lwate/L soil) 0.26
H Di mensi onl ess Henryos Chemicalspecific
Oa Air-filled soil porosity (R dw),(Laif/Lsoi) 0.17
n Total soil porosity (I (ru/rs)), (LpordLsoi) 0.43
ls Soil particle density (kg/L) 2.65

Chemicalspecific parameters used in Equatit8were obtained from physicahemical
informationpresentedis e ver al sour ces Sail Baaekning Gudgnce: US EPAOG s
Technical Background DocumgitS EPA 1996@and US EPA 2003athe US EPARegional
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Screening LevelfJS EPA2016a , U S BaésiesfobPump and Treat Groundwater

remediation Technology US EPA 1 9 9 Mgrmal EXSsuEe Agséssmeus EPA

19923, Superfund Public Health Evaluation ManfaluU S E P A 1 9 8s®AJditiondd S EP A
Environmental Fate ConstanfgdS EPA 1995), Hazardous Substance Release/Health Effects
Database (ATSDR 2003), tiRAIS, CHEMFACTS, WATER9and PHYSPROP databases, and
EPISUITE

3.3 Particulate Emission Factor

Inhalation of chemicals adsorbed to suspended respirable particles is assessed using a chemical
specific PEF, which relates the contaminant concentration in soil to the concentration of
respirable particles in the air due to fugitive dust emissions frartaconated soils. This
guidance addresses dust generated from open
not discharged into the atmosphere in a confined flow stream. For further details on the
methodology associated with the PEF model,¢hard er i s r ef &oillSaegningo US
Guidance: Technical Background Docum@us EPA 1996a)Supplemental Guidance for
Developing Soil Screening Levels for Superfund SU8sEPA 20@a) andHuman Health Risk
Assessment Protocol for Hazardous W&xenbustion FacilitiegUS EPA20058.

It is important to note that the PEF for use in evaluating exposure of residential and
commercial/industrial receptors addresses only windborne dust emissions and does not consider
emissions from traffic or other fimrs of mechanical disturbance, which could lead to a greater

level of exposure. The PEF for use in evaluating construction worker exposures considers
windborne dust emissions and emissions from vehicle traffic associated with construction
activities. Theefore, the fugitive dust pathway should be considered carefully when developing
the CSM at sites where receptors may be exposed to fugitive dusts by other mechanisms.
Equation49is used to calculate a NeMexico regionspecific PEF value, used for both the
residential and commercial/industrial exposure scenarios. A scapacidic PEF value was
calculated for a construction worker recedf®EF.w) using EquatiorbO.
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Equation 49
Derivation of the Particulate Emission Factor
Residential and Commercial/Industrial Scenarios
PEF=0Q/ C , 3,600 sechr
wind AU (33
0.036° (1-V)s & M0 s F(x)
U, 9
O
Parameter Definition (units) Default
PEF Particulate emission factor ffkg) 6.61E+09
Q/Chind Inverse of a mean concentration at center@baacre 8185
square source (g/rs per kg/m) '
\% Fraction of vegetative cover (unitless) 0.5
Unm Mean annual windspeed (m/s) 4.02
Ut Equivalent threshold value of windspeed at 7 m (m/s) 11.32
F(x) Function dependent on.JUJ: derived usingCowherd et al. 0.0553
(1985) (unitless) '
Equation 50
Derivation of the Particulate Emission Factor
Construction Worker Scenario
é g
PER, = Q/C 332 T°Ax 3
o R € awg™* (365 daysyr - P) . U
8556 8959 365 daysyr a VKTH
Parameter Definition (units) Default
PERw Particulate emission factéor a construction workgm?3/kg) 2.1E+06
Q/Ccw Inverse of a mean concentration at center of za0ré 2302
square source (ghs per kg/m) :
Fo Dispersion correction factor (unitless) 0.185
T Total time over whicltonstruction occurs (S) 7.2E+06
AR Surface area of road segmenf m 274.2
W Mean vehicle weight (tons) 8
P Number of days with at least 0.01 inches of precipitation 60
(dayslyr)
SVKT sum of fleet vehicle kilometers traveled during the expos
; 168.75
duration (km)

3.4 PhysicaiChemical Parameters

Several chemicadpecific parameters are required for calculating SSLs including the organic

carbon normalized sedrganic carbon/water partition coefficients for organic compoungsg, (K

the soitwaterpartition coefficient for organic and inorganic constituents,(ke solubility of a
compound in water (S), He nr yJ)0veaterlddfusivitg @h st ant (
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molecular weightthe octanclwater partition coefficient (), and thedermal permeability
coefficient in water (K). Prior to calculating sitepecific SSLs, each relevant chemical specific
parameter value presented in Appendix B should be checked against the most recent version of
its source to determine if updated data @vailable.Tables B-1, B-2, and B3 in Appendix B

provide the chemicapecific parameters used in calculating the NMED SShemical

specific parameters weselectedrom the following sources in the order listed:

1 Organic carbon partition coefficient g L/kg). US EPA (201B) Estimation Program
Interface (EPI) Suite software, v4.11.

1 Soil-water partition coefficient (i cm?/g). For organics, K= Ko X fraction of organic
carbon in soil(foc NMED default value 00.15%). For inorganicsl) US EPA (2002a);
2) Baes (1984Figure 2.31

1 Water solubility (S; mg/lat 25 °Q. US EPA (201B) EPI Suite software, v4.11.

Henr ydés L awatneno/maletat2b t¢. 1\ US EPA (201B) EPI Suite
software, v4.11: a) experimental values; b) estimated values via the bond method,; c)
estimated values via the group method; and 2) US EPA (2002a).

Diffusivity in air (Ds; cm?/s). 1) US EPA (2006) Wate9 v3.0; 2) US EPA (2002a).
Diffusivity in water (Dy; cm?/s). 1) US EPA (2006) Water 9 v3.@) US EPA (2002a).
Molecular weight (MW). US EPA (2012 EPI Suite software, v4.11.

Dermal permeability coefficient in water (Kp; cm/hHgS EPA (2012aEPI1 Suite
software, v.4.11.

= =2 =4

3.4.1 Solubility,Kow,andHenr y6s Law Constant

The solubility of a contaminant refers to the maximum amount that can be dissolved in a fixed
volume ofsolvent usually pure water, at a specific temperature and pldhefnical with a high
solubility readily dissolves in water, while a low solubility indicates an inability to dissolve.
Water solubility is generally predicted based on correlations with the ostetet partition
coefficient (Kow). Solubility is usedd calculate soil saturation limits for the NMED SSLs.

The octanclater partition coefficient (k) of a chemi cal i's the ratic
in octanol versus its solubility in water at equilibrium. Essentially, this chesypeatific
propet y Ii's used as an indication of a contaminar

is an important parameter and is used in the assessment of environmental fate and transport for
organic chemicals.

The Henryos Law c on duatmgair expodure pattsvays. sFeradll cheimieals e v a
that are capable of exchanging across thavater interface, there is a point at which the rate of
volatilization into the air and dissolution to the water or soil will be equal. The ratio-cdigas
liquid-phase concentrations of the chemical at this equilibrium point is represented by H, which

is used to determine the rate at which a contaminant will volatilize from soil to air. Values for H

may be calculated using the following equation and the sdbreS, vapor pressure (VP), and

MW.
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_VPXMW
S

H Equation 51

The di mensionless form of Henryds Law constan
and volatilization factors for the NMED SSLs was calculated by multiplying Hflagtar of 41
to convert the Henryodés Law constant to a unit

3.4.2 Soil Organic Carbon/Water Partition Coefficientso(K

The soil organic carbewater partition coefficient() i s a measure of a che
adsorb to organic carbon present in soil. Highuélues indicate a tendency for the chemical to

adsorb to soil particles rather than remain dissolved in the soil solution. Strongly adsorbed
molecules will nomigrateunless the soil particle to which they are adsorbed moves (as in

erosion). kcvalues of less than 500 indicate weak adsorption and a potential for leaching. K

is calculated using the following equation:

_ concentrabn adsorbegtoncentrabn dissolved
% organiccarborn soil

K

oc

Equation 52

Koc can also be calculated by dividing theélue by the fraction of organic carbosc)fpresent
in the soil or sediment. It should be noted that a strong linear relationship exists befweash K
Kow and that this relationship can be used to prediet K

3.4.3 Soil/Water Partition Coefficients ¢K

The ®il-water partition coefficient( f or organi c chemicals is t he
distribution between soil and water particles. Thewailer partitioning behavior of

nonionizing and ionizingr@anic compounds differs because the partitioning of ionizing

organics can be influenced by soil pHg \Kalues were used in calculating soil saturation limits
andVFsused in developing the NMED SSLs.

For organic compounds,dfepresents the tendencyathemical to adsorb to the organic carbon
fraction in soils, and is represented by:

Ky =K X o Equation 53
Where

Koc= organic carbon partition coefficient (L/kg crmé/g); and
foc= fraction of organic carbon in soil (mg/mg).

This relationship is generally valid for volatile halogenated hydrocarbons as long as the fraction
of organic carbon in soil is above approximately 0.001 (0.1 percent) (Piwoni and Banaerjee,
1989 Schwarzenbach and Westall 1981). For low organic carlder{fsox 0.001), Piwoni and
Banerjee (1989) developed the following empirical correlation for organic chemicals:
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log Kg=1.01 log kw i 0.36 Equation 54

The use of a fixed ¥ value in the soilvater partition equation for the migration to groundwater
pathway is only valid for hydrophobic nemnizing organic chemicals. For organic chemicals
that ionize in the soil environment, existing in both neutral and ionized forms within the normal
soil pH range, K values must consider the relative proportiand differences in sorptive
properties of these forms. For the equations and applications of develepiwajues for

ionizing organic acids as a function of pH, the reader is referred to US EPA 1996. The default
value used forot in development of NMBE SSLs is 0.0015 (0.15%). This value represents the
median value of 212 data points included in the NRCS soil survey database for New Mexico
(U.S. Department of Agriculture 2000). Only samples collected from a depth of greater than 5
feet were includedithe calculation of the meag falue. Shallow soil samples tend to have
higher fc values as shown in FiguBel. There is a steady decline i¥alue with depth until
approximately 5 feet bgsBelow 5 feet, there is little variability in the: ¥/alue. Because a

lower foc value provides a more conservative calculation of SSL, a value representative of deeper
soil conditions is used as the default value.

Figure 3-1 MeanValue - Fraction Organic Carbon (foc)
All Counties in New Mexico
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As with organic chemicals, development of the NMED SSLs for inorganic constituents (i.e.,
metals) requires a seiater partition coefficient (K for each contaminant. dkalues for

metals are affected layvariety of soil conditions, most notably pH, oxidatieduction

conditions, iron oxide content, soil organic matter content, cation exchange capacity and major
ion chemistry. US EPA developed defaultwalues for metals using either an equilibrium
geochemical speciation model (MINTEQZ2) or from empiricalgépendent adsorption
relationships developed WYS E P A Office of Research and Development (EPA/ORD) (US

EPA 1996a).
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4.0 MIGRATION OF CONTAMI NANTS TO GROUNDWATER

Generic SSLs were developtthtaddress the potential for migration of contaminants from soil
to groundwater. The methodology used to calculate generic SSLs addresses the potential
leaching of contaminants from the vadose zone to groundwater. This method duomrssiotsr
any additionhattenuation associated with contaminant transport in groundwEter SSLs
developed from this analysis aisk-based valuemcorporatingNMED-specific tap wateBSLs

or SSLs based on protection of groundwatBhnis methodology is modeled after USA® Soil
Screening Guidance: Technical Background Docur(idStEPA 1996aand theSupplemental
Guidance for Developing Soil Screening Levels for Superfund Sites (US EPA.2002a)

4.1 Overview of the SSL Model Approach

Two approaches to developing soil leaeHaased SSLESL-SSLs)are presented, the generic

model and the sitspecific model. Both models use the same set of equations to caliHate

SSLs and are based on leaching to groundwater scenarios that NMED believes are protective of
groundwater. Thgeneric model calculatéd -SSLs using default parameter values generally
representative of conditions in New Mexico. These values are presented isB-dlded B2

of Appendix B. The sitespecific model provides the flexibility of using si&pecific

meteorological, soil and hydrological data to calculate SSLs, while retaining the simplicity and
ease of use associated with the generic model.

The development BL-SSLs is based upon a tvgtep process. The first step is the development
of a Dilution Atenuation Factor (DAF). The DAF accounts for leachate mixing in the aquifer.
A leachate concentration that is protective of groundwater is back calculated by multiplying the
groundwater standard for a given constituent by the DAF. That leachate caticengrthen

used to back calculateSi-SSL that is protective of groundwater using a simple linear
equilibrium soil/water partition equation. For the gen&ilieSSL approach, default parameter
values are used for all narhemical specific parameters. At sites that are not adequately
represented by the default values and where morss#gific data are available, it may be more
appropriate to use the sigpecifc SL-SSL model. The sitspecific model uses the same
spreadsheet equations to calculBteSSLs as those in the generic legk table however, site
specific data are used in the sigecific model.

The following sections of this document providgemeral description of the leaching to
groundwater pathway SSL model (generic andsiecific) including the assumptions,
eguations, and input parameters. Justification for the default parameters used in the generic
model is also provided. Additionallg sensitivity analysis was performed on each of the input
parameters to provide guidance on when use of thes#efic model may be warranted.
Applicability and limitations of the generic and s#pecific models are also presented.

4.2 Model Assumption

Conservative ssumptions regarding the release and distribution of contaminants in the
subsurface that are incorporated into the SSL methodology include the fotlowing
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1 The source is infinite (a constant concentration is maintained for the duratfon of t
exposure period).
1 Contamination is uniformly distributed from the surface to the water table.

1 Soil/water partitioning is instantaneous and follows a linear equilibrium isotherm.

1 There is no attenuation of the contaminant in soil or the aquifem@.ereversible
adsorption, chemical transformation or biological degradation).

1 The potentially impacted aquifer is unconfined and unconsolidated with homogenous and
isotropic hydrologic properties.

1 The receptor well (point of exposure) is at the downgradient edge of the source and is
screened within the potentially impacted aquife

1 NAPLSs are not present.

4.3 Soil Water Partition Equation

US E PBApplementaboil Screening Guidance: Technical Background Docurfi¢atEPA

19964 andSupplemental Guidance for Developing Soil Screening Levels for Superfund Sites
(US EPA 2002ajleveloped an equation to estimate contaminant release in soil leachate based on
the Freundlich adsorption isotherm. The Freundlich equation was modified to relate the sorbed
concentration to the total concentration measured in a soil séwiplh includes contaminants
associated with solid soil, seNater and soibir components) (Feenstra 1991). Equa&ibn

given below, is used to calculate SSLs corresponding to target soil leachate concen8htions (
SSb).
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Equation 55
Soil Screening Leel for Leaching to Groundwater Pathway
e ad +d Higo
SL-SSL=C,, x &K, +§W—a' )
e ¢ 7o A
Parameter Definition (units) Default

SL-SSL  Soil Screening Level for migration to

groundwater pathway (mg/kg) ChemicalSpecific

Cw Target soil leachate concentration (mg/L) ChemicalSpecific
Kd Soil /water partition coefficient (L/kg) ChemicalSpecific
Ow Waterfilled soil porosity (Lwate/Lsoir) 0.26
Oa Air-filled soil porosity (Lair/Lsoit), N- Qw 0.17
n Total soil porosity (kordLsoi), 1- (r o/ s) 0.43
rs Soil particle densityKg/L) 2.65
I Dry soil bulk density (kg/L) 15
H’ Di mensionl ess Henr yd ChemicalSpecific

The Soil Screening Level for migration to groundwater path{&lySSL) is equivalent to the
NMED-specific tap wateBSLsmultiplied by a DAF. SL-SSLs were calculated using the tap
water SSL, the NI groundwater protection criterion (20.68\2w Mexico Administrative Code,
NMAC), and the Federalaximum Contaminant LeveMCL) as follows:

SL-SSL= Tap Water SSL x DAF Equation 56
or
SL-SSL=WQCCx DAF
or
SL-SSL=MCL x DAF

For screening purposes, the leamnservativeSL-SSL may be appliedTable A3 summarizes
all SL-SSLs whileTable A1 contains the least conservat®e-SSL for use in screening
assessments

The derivation of the DAF is discussed in subsequent sections of this document.

4.4 Dilution Attenuation Factor

Contaminants transported as a leachate through soil todyvater are affected by physical,
chemica) and biological processes that can significantly reduce their concentration. These
processes include adsorption, biological degradation, chemical transforraatiagilution from

mixing of the leachate with grodwater. The total reduction in concentration between the

source of the contaminant (vadose zone soil) and the point of groundwater withdrawal is defined
as the ratio of contaminant concentration in soil leachate to the concentration in groundwater at
thepoint of withdrawal. This ratio is termed a dilution/attenuation factor (DAF; US EPA 1996a
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and 1996b). The higher the DAF value the greater the degree of dilution and attenuation of
contaminants along the migration flgath. A DAF of 1 implies no redtion in contaminant
concentration occurs.

Development of New Mexic8L-SSLs considers only the dilution of contaminant concentration
through mixing with groundwater in the aquifer directly beneath the source. This is consistent
with the conservative assytions used in the SSL methodology including an infinite source, soill
contamination extending from surface to groundwater and the point of exposure occurring at the
downgradient edge of the source. The ratio of contaminant concentration in soil |éathate
concentration in groundwater at the point of withdrawal that considers only dilution processes is
calculatedusingthe simple water balance equation (Equattof, described below.

Equation 57
Dilution/Attenuation Factor (DAF)
DAF-1+a;Je—K3 * Dg
e 2
Where:
_ 2\os a e -L3| @ 0
D=(0.011212)" + Da?-ex%mgg
Parameter Definition (units) Default
DAF Dilution/attenuation factor (unitless) Site-Specific
K Aquifer hydraulic conductivity (m/yr) Site-Specific
[ Hydraulic gradient (m/m) Site-Specific
D Mixing zone depth (m) Site-Specific
I Infiltration rate (m/yr) Site-Specific
L Source length parallel to groundwater flow (m) Site-Specific
Da Aquifer thickness (m) Site-Specific

Most of these parameters are available froatine environmental site investigations. The
mixing zone depth incorporates one additional parameter, the aquifer thickgess (D

For the calculation 0BL-SSLs, the DAF is used to back calculate the target soil leachate
concentratior{Cw in Equation56) from an appropriate groundwater concentration, such as the
tap watelSSL, aWater Quality Control CommissioMQCCQC) standargdoranMCL. For

example, if the WQCC standard for a constituent is 0.1 mg/L and the DAF is 20, the target soil
leachate conggration would be 2 mg/L.

The US EPA conducted an extensive evaluation of the range and distribution of DAFs to select a
default value to be used for developing generic SSLs that would be reasonably protective of
groundwater quality (US EPA 1996a, 1996b, a0Pa). The evaluation included a
probabilistic modeling exercise using US EPASOG
Transformation Products (CMTP). A cumulative frequency distribution of DAF values was
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developed from the model output. Results ofitemte Carlo modeling analysis indicate that for
a 0.5 acre source area a DAF of approximately 170 is protective of groundwater at 90 percent of
the sites. Groundwater is protected at 95 percent of the sites with a DAF of 7.

US EPA applied the simpBL-SSL water balance dilution model (Equatks) to 300 sites

included in surveys of hydrogeologic investigations to further evaluate the range and distribution
of DAF values. Results of this analysis indicated that a DAF of 10 was protective of
groundwatefor a 3Gacre source and that a DAF of 20 was protective of groundwater for a 0.5
acresource (US EPA 1996a, 1996b, é&2t{Ra).

An assessment was performed of US EPAGs met ho
value of 20 for a 0.5 acre source, anDAF of 10 for a 30 acre source, would be appropriate for
use as default values for sites in New Mexico. Typical New Mexico conditions may be notably
different than conditions represented by areas included in the US EPA analysis of DAFs. For
example, ifiltration rates across much of New Mexico are substantially less than the average
range of 0.15 to 0.24 m/yr reported for many of the hydrogeologic regions used in the US EPA
analysis. In addition, effective porosity was assumed to be 0.35, presumedalgd¢his value

is representative of the most prevalent aquifer type in the databases used (US EPA 1996a).
However, the regions included in thkS EPA analysis also contain extensive glacial, regolith,
lacustrine, swampand marsh deposits which havehigercentages of fingrained sediments

and thusare not representative of typical New Mexico sandy soils. Sandy soils typically have
higher hydraulic conductivities than more figeined soils and subsequently higher Darcian
velocities, under equal hyallic gradient. According to the DAF equation (Equaba)) soils

with relatively greater hydraulic conductivities will tend to result in a higher calculated DAF.

An assessment was made of input parameters to the DAF equation. In order to sugyport a D
that is protective of the most vulnerable groundwater environments in New Mexico (i.e. areas
close to perennial streams or where groundwater is very shallow), environmental parameters
typical of those areas in New Mexico were used to assess the DAg-asBessment indicated

that the DAF is most sensitive to variations in hydraulic conductivity. This is because this
parameter exhibitsuch large variations in the natural environment. If a hydraulic conductivity
value representative of a fhggained and is used in the DAF equation, along with an infiltration
rate representati ve -ariflenrenmentdehen tbeagedudt isa DAFdf t o s
approximately 20. NMED believes that a DAF of 20 for a 0.5 acre source area is protective of
groundvater in New Mexico. If the default DAF is not representative of conditions at a specific
site, then it is appropriate to calculate a-sppecific DAF based upon available site data.

4.5 Limitations on the Use of the Dilution Attenuation Factor

Because ofssumptions used BL-SSL model approach, use of the DAF model may be
inappropriate for certain conditions, including sites where:

1 Adsorptionor degradation processes are expected to significantly attenuate contaminant
concentrations in the soil aquifer media;

1 Saturated thickness is significantly less than 12 méteyshick;
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1 Fractured rock or karst aquifer types exist (violates the unconfined, unconsolidated,
homogeneous, isotropic assumptions);

1 Facilitated transport is significant (colloidaahsport, transport via dissolved organic
matter, or transport via solvents other than waserd/or

1 NAPLSs are present.

For sites that have these types of conditions, consideration should be given to application of a
more detailed sitgpecific analysishan either the generic or sépecific models described
herein

4.6 GenericSL-SSLsfor Protection of Groundwater

The migration to groundwater pathway model, incorporating the assumpt®nsusly stated
thesoil-water partition equatigrand the DAF, vas used to develop NMED SSLs. Default

values based on conditions predominant in New Mexico were used for the input parameters in
the soitwater partition equation. The NMEBL-SSLsare presented for bottefault DAF

values of 1 and 20.

Target soileachate concentrationsCare equivalent to the appropriate groundwater standards
multiplied by a DAF. To maintain an approach that is protective of groundwater quality in the
development of generf6L-SSLs a DAF of 20 is selected as reasonably ptotec However
SL-SSLsare provided for two DAFs in Appendix ALhe use of th&L-SSL listed for a DAF of

20 is advised unless sigpecific data on hydrologic conditions are available, and these indicate
that the generic DAF is nogépresentative of site condition8s will be demonstrated in the
sensitivity analysis section of this document, calculation®if-&SL using the migration to
groundwater pathway model is most sensitive to the DBIESSLsfor a DAF of lareprovided

for convenience to the user. If data on hydrologic conditions are readily availableszesifec
DAF can be calculated and multiplied by the gen8tieSSLfor a DAF of 1 to provide a site
specifictarget soil leachate concentration

The generic appach may be inappropriate for use at sites where conditions are substantially
different from the default values used to develop the generic soil leacmatentrations

4.7 Development of Sit&pecificSL-SSLsfor Protection of Groundwater

New Mexico, as \th any other state, offers a variety of geologic and hydrologic conditions that
may not be readily represented by a single default parameter value.

Site specific conditions may differ considerably from the typical or average conditions
represented by thadefault values used to calculate gen&iieS.s. The sitespecific model can
be used to address the variability inherent in environmental conditions across and within the
State.

Application of the sitespecific model to develojargetsoil leachateoncentrationss the same
as the generic approach except thatgnecific values are used. Use of the-sgecific model
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approach may incorporate replacement of all default values used for the gtre8tawvith
site-specific values omay only include substitution of a single key parameter, such as hydraulic
conductivity. The decision to use the ssgecific model approach instead of the generic
approach should be based on consideration of the sensitivity of the cal@l&g8&1 to specific
parameters and the availability of those parameters aspsitdic data. Sufficient sitepecific
data may be available such that each of the default values used for devgémengSL-SSLs
can be readily substituted with a more represemaitederived value. Conversely, limited
site-specific data may restrict the number of default vathascarbe replaced.

The NMEDSL-SSLsare generally more sensitive to thAF than to other parameters in the
soil-water partition equation. Fortuedy, information needed to derive the DAF is usually

available for sites that have undergone even the most basic levels of environmental investigation.
Apart from theDAF, target soil leachate concentratiaare most sensitive to the seiater
partitioncoefficient (Ky) as the values for this parameter can range over several orders of
magnitude, particularly for metals. Although thet&rm may be critical in developing
protectivetarget soil leachate concentratipimformation required to evaluate shparameter is

more difficult to obtain and less likely to be available. Porosity and bulk density are not
particularly sensitive because of the relatively small range of values encountered in subsurface
conditions.

Using benzene as a representative amimant, a sensitivity analysis was performed to compare

a generic soil leachate SSL to ssi@ecific model results simulating a range of model input
parameters that might be representative of different conditions in New Mexico. The generic soil
leachateconcentratiorcalculated using the New Mexico default values and a DAF of 1 is 2.8

egl/ kg. These r esul tls Asshown, thewresutefgl-53A & i n Tabl e
benzene range from 1.3 to 6.1 &g/ kgotfeor the v
generic SSL of 2.8 ¢eg/kg. These results indi

specific approach is not overly sensitive to the reasonable range of porosity (air and water filled),

bulk density and fraction of organic carb@s) expected for New Mexico or even for a range of

values for chemicadpecific properties. The genefBt-SSLf or benzene of 2.8 ¢
representative of values that could be calculated using a spectrum of input parameters, exclusive

of the DAF term. Unlesthere are sufficient data to calculate a-specific DAF, there is little

benefit derived from using the sigpecific model approach instead of the gen8Li«SSL
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Table 4-1. Input Parameters and ResultingSL-SSLsfor the Sensitivity Analysis of
the SoitWater Partition Equation - Migration to Groundwater Pathway Model

Input parameter Sensitivity Analysis Resulting SL-
(NMED default value) Values SSL
Bulk density Lower Limit = 1.20 3.4
(default value = 1.55 gm/cm) Upper Limit = 1.90 2.5
Air filled porosity Lower Limit = 0.04 1.3
(default value = 0.18) Upper Limit = 0.28 3.5
Fraction organic carbon Lower Limit = 0.0005 2.2
(default value = 0.0015) Upper Limit = 0.007 6.1
Volume water content Lower Limit = 0.05° 1.8
(default value = 0.26) Upper Limit = 0.40° 3.5
Koc Lower Limit = 30 2.4
(default value = 58.9 ml/qg) Upper Limit = 120 3.7
Di mensionl ess Henr| LowerLimit= 0.1 2.7
(default value = 0.228) Upper Limit = 0.4 3.0
2total porosity was reduced from 0.44 to 0.10 for this simulation
b total porosity was increased from 0.44 to 0.6 for this simulation
“total porosity remainedt 0.44 for this simulation.

As previously stated, calculation 8£-SSLsis most sensitive to the DAF term. The input
parameter values and resulting DAFs for the sensitivity analysis are included in -Bable 4
Effects on the DAFs are, from greatest to least, the Darcian velogiyafilic conductivity

multiplied by the hydraulic gradient), infiltration rates, size of the contaminated area, and the
aquifer thickness. Corresponding effects on DAFs for each of these parameters and discussion

of the relevance of the use of defaultuesd versus sitepecific conditions are summarized

below.
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Table 4-2. Input Parameters and Resulting DAFs for the Sensitivity Analysis of the
Dilution Attenuation Factor-Migration to Groundwater Pathway Model

Infiltration | Source | Aquifer Mixing D|Iut|or_1
Groundwater . Attenuation
Parameter : Rate Length | thickness|Zone Depth
Velocity (m/yr) (miyr) (m) (m) (m) Factor
(DAF)
Groundwater
Velocity 4.7.1 2.2 0.13 45 12 7.15 3.7
Groundwater
Velocity 22 0.13 45 12 5.03 19.9
Groundwater
Velocity 220 0.13 45 12 4.79 181.1
Infiltration Rate 22 0.065 45 12 4.89 37.8
Infiltration Rate 22 0.13 45 12 5.03 19.9
Infiltration Rate 22 0.26 45 12 5.28 10.9
Source Length 22 0.13 22.5 12 2.51 19.9
Source Length 22 0.13 45 12 5.03 19.9
Source Length 22 0.13 348.4 12 38.76* 6.8
Aquifer
Thickness 22 0.13 45 3 5.02* 12.3
Aquifer
Thickness 22 0.13 45 12 5.03 19.9
Aquifer
Thickness 22 0.13 45 48 5.03 19.9

Note: If mixing zone depth calculation is greater than aquifer thickness, then dajekeess is
used to calculate the DAF.

Higher Darciarvelocity results in higher DAFs. Slower mixing of groundwater with soil

leachate occurs at lower groundwater velocity. Thus, using a lower veloogjitutesa more
conservative approach. Sandy soils typically have higher hydraulic conductivitiendine
fine-grained soils and subsequently higher Darcian velocity (under equal hydraulic gradient).
Use of a sandy soil type will generally be less conservative (result in higher DAFs) with respect
to protection of groundwater quality.

Lower infiltration rates result in higher DAFs. Therefore, using a higher infiltration rate is a
more conservative approach (results in a lower DAF).

Larger source sizes result in lower DAFs. The default DAF used to deévkl§®Lsfor a 0.5

acre source may not be praiige of groundwater at sites larger than 0.5 acre. However, the
selection of a second source size is arbitrary. If ger8SLsare developed for a 30 acre
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source, then those values are considered overly conservative for a 12 acre source. Gonversely
SL-SSLsdeveloped for a 30 acre source will be less protective of a 40 acre source. Rather than
develop a separate set of generic SSLs for a second (or third or fourth) source size, the following
two approaches are proposed.

1 As the size of theource area increases, the assumptions underlying the generic model
are less applicable. One of the conservative assumptions in the generic SSL approach is
the uniform distribution of contaminants throughout the vadose zone. There are few sites
that haveelatively uniform soil contamination (both laterally and vertically) of a single
constituent in an area of greater than 0.5 acres (22 800l contamination at large
facilities (such as federal facilities) are usually concentrated in discretensoof the
site. Contamination at large sites is commonly the result of multiple sources. ltis
advisable to attempt to subdivide the facility by source and contaminant type and then
apply generic SSLs to those smaller source areas.

1 If this approachdimpractical, calculation of sitepecific DAFs is recommended. Most
of the parameters required for these calculations are available from routine environmental
site investigations or can be reasonably estimated from general geologic and hydrologic
studies.

Thin aquifers will result in lower DAFs. The nominal aquifer thickness used in the sensitivity
analysis was 12 m. Reducing the aquifer thickness to 3 m results in a 40 percent reduction in the
DAF. Increasing the aquifer thickness beyond the norwedak has very little impact.

The significant effects of the DAF on the calculatior5@fSSLs coupled with the common
availability of sitespecific data used to calculate the DAF, suggest that use of tepadific
modeling approach should at leastorporate recalculation of the DAF term. If data are

available that indicate soil properties significantly different than the default values (such as high
or low foc for organic contaminants, or highly acidic or basic conditions for metal contaminants)
the Ky term should also be evaluated and recalculated.

4.8 Detailed Model Analysis foBL-SSLsDevelopment

Sites that have complex or heterogeneous subsurface conditions may require more detailed
evaluation for development &L-SSLsthat are reasonably, boot overly, protective of
groundwater and surface water resources. These types of sites may require more complex
models that can address a wide range of variability in environmental site conditions including
soil properties, contaminant mass concentnagiod distribution, contaminant degradation and
transformation, recharge rates and recharge concentration, and depth to the water table. Model
codes suitable for these types of more detailed aggigsige from simple ordimensional
analytical models taomplex threedimensional numerical model#ote that esource
requirements (data, time and cost) increase for the more complex codes. The selection of an
appropriate code needs to balance the required accuracy of the output with the level of effort
necessary to develop the model.
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4.9 Summary of the Migration to Groundwater Pathvi&ySSLs

SL-SSLsfor New Mexico have been developed for the migration to groundwater pathway, and
are provided in Table & of Appendix A. SL-SSLswere derived using tworiteria tapwater
screening levels and the NMEJpoundwater and surface water protection levels (20.6.2
NMAC), and/or Federal MCLsThehighestSL-SSLfor a chemicabased on ®AF of 20is

listed in Table Al andshould be apple for initial screening This approach maintains the
conservative approach of te&-SSL methodologyis protective of groundwater quality under a
wide range of site conditiorand complies with the groundwater protection requirements in
20.6.2 NMAC

Soil contaminant concentratioasecompared directly to the genetarget soil leachate
concentrationso determine if additional investigation is necessary to evaluate potential leaching
and migration of contaminants from the vadose zone to groundwagrcess oNMED

groundwater protection criterias shown in Equation 58.

) BEHRAT AAT OOAOBB¢ Equation 58

All soil data, regardless of depth of detection, should be used avéheationof the migration
to groundwater pathway. For the initial screen, the maximum detected concentration in soil
should be agped.

As it is noted that the underlying assumpsigSection 4.2) used to develop the gen8Li«SSL
may result in overlgonservativevalues not representative of actual site conditiatesspecific
SL-SSLscan be developed by substituting giééated data for the default values in the leaching
to groundwater pathway modebL-SSLsdeveloped from this model are most sensitive to the
DAF. SL-SSLsare also provided in the lookup table for a DAF of 1. ladat hydrologic
conditions are readily available, a s#gecific DAF can be calculated.

In addition to use of migration to groundwaBi-SSLs additional lines of evidence may be
used to address the potential for contaminant migration. These faagisclude: removal
actions (i.e., removal of source material), vertical profile of contamination in soil (defined
vertical extent) combined with depth to groundwater, physicemical paramters (e.g., low Kd
for metals), lack of presence of liquidspiesh contaminant downward, and geology/hydrology.
Please note that depth to groundwater alone is not a sufficient line of evidence to justify the
migration to groundwater pathway as incompldfeéhe depth and area abntamination along
with site-specfic infiltration ratesare knownmasslimit soil screening levels for migration to
groundwatemay also be calculated. USEPA 2@@ar most current) guidance should be
followed for determining sitgpecific masgimit SL-SSLs.

5.0 USE OF THE SSlIs

For screaing sites with multiple contaminants, the following procedure should be folldalesl:
the sitespecific concentratiorfi(st step screening assessments should usaedkenum

reported concentration) and divide by the SSL concentration for each artaytewltiple
contaminants, simply add the ratio for each chemiEal. carcinogens, multiply the sum by the
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NMED target risk level of 185 as shown in Equatids®. Equation60 shows the sum of the
ratios is multiplied by the NMED targatzard of 1.0 for nararcinogens.Note that a chemical
may exhibit both carcinogenic and noncarcinogenic tox{eity.,arsenic) For these cheitals,
impact ofSSLs based on both forms of toiky must be evaluate(.e., both site cancer risk and
a site HI would be required for arsenic and otttemicalswvith both forms of toxicity)

a 9]
SiteRisk=222NG , €05, conG  , CONG By 1 g5 Equation 59
&ssl,  ssl,  ssl, ssL, 9
a con o]
SiteHazardndex(HI) —a&oNG S L oonG | ...+%83 1 Equation 60
@ssl,  ssl,  ss, ssL, 9

Site risks and hazard indicks any additional completed exposure pathways not included in the
SSLs (e.g., vapor intrusion or ingestion of potentially contaminated produce/meagtainig

be added to the results of Equati®®and60. For noncarcingenic effects, constituentanbe
grouped according tihe same toxic endpati and/or mechanism of actioifhe sources

provided in Section 2.1 should be consulted to determine the endpoint and/or target organ
system

Equations 59 and 60 do not apply to the setb-groundwater pathway. As discussed in
Section 4.9, evaluation of the setlbb-groundwater pathway is a simple comparison of site
data to SL-SSLs(see Equation 58) andloesnot representan estimate of potentiarisk or
hazard.

It is important tacemembethatsite concentrations should developed for eacteceptorand
correspondingoil horizons or exposure intervalsAs discussed in Section 257and
summarizedn Table 26, it is assumed that residentsald construction worker receptors are
exposed to soil from-Q0 ft bgs, while commercial/industrial receptors are exposed to-&dil 0
bgs. For the vapor intrusion and sad-groundwater migration pathways, maximum
concentrationsegardless ofamplirg depth should be considered for all receptors.

Site risksless than the NMED target level of -0B and hazard indices less than NMED

target levebf one (1)indicate that concentrations at the site are unlikely to result in adverse
healthimpacts If the totalcancer risk igreater tharhe target risk level of 1B or if the hazard

index is greater than oneoncentrations at the site warrant further -sgecific evaluation.

Further sitespecific evaluatiomayinclude refinement ofeceptorspecificexposure point
concentrationsia calculation of UCLs (Section 2.5 he calculated UCLmaythen be used as
theinput concentrationtr Equationss9 and60. As stated in Section 1.2 ther evaluation
mayalsoinclude additional samjplg to bettercharacterize the nature and extent of

contamination, consideration of background levels, reevaluation of COPCs or associated risk and
hazard using sitepecific parameters, and/or a reassessment of the assumptions associated with
thegenericNMED SSLs.

As with any riskbased tool, the potential exists for misapplication. In most cases the root cause
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will be a lack of understanding of the intended use of NMED SSLs. In order to prevent misuse
of SSLs, the following should be avoided:

1 Applying SSLs to a site without adequately developi@si that identifies relevant
exposure pathways and exposure scenarios,

Failing toconsider additional exposure pathways not included in the SSLs,

Using the SSLs as cleanup levels without verifyingmbers with a toxicologist or risk
assessor, and

1 Failing to considethe effects of additivity when screening multiple chemicals.

When generilNMED SSLs are used for screening level evaluations at a facilityssaeific
conditions must be evaluated fach receptor to determine if tigposureassumptions
associated with the geneNdVIED SSLs are appropriate for comparison with the available site
data. The exposure assumptions for each receptor on whidetericNMED SSLs are based
are shownn Table A2. Therefore, Table £ should beonsultedvhen the generislMED

SSLs are being applied affacility. If the exposureassumptionpresented ifable A2 arenot
protective ofthe exposure antypes of receptors foanat a facility NMED should be consulted
to determine if refinement of the generic S®bsed on sitgpecific exposurparameterss
appropriate

5.1 Use of Chromium Screening Levels

Elemental chromium (Cr) is naturally present and considered stale amtbient environment
in one of two valence states: chromium (Ill) and chromium (Zhromium(lll) occurs in
chromite compounds or minerals and concentrations in soil/groundwater result from the
weathering of minerals. Chromiugiil) is the most stable state of environmental chromium;
chromium(VI) in the environment is mamade, present in chromatedagichromate
compounds, and is the more toxic of the oxidation states.
(http://rais.ornl.gov/tox/profiles/chromium.htmli#{R1

The oxidation state dEr has a significant effect on its transport and fate in the environment.
The equilibrium distributiorof the Cr between the two oxidation states is controllethéyedox
environment.Oxidation depends on a variety of factors and is a function of pH and the rate of
electron exchange, or standard reduction potential (Eh). Chromium (VI) is convertedessth
toxic and much less mobile form of chromium (111) by reduction reactidite corresponding
oxidation of chromium (IIl) to chromium (VI) can also occur under oxidizing conditions.

The degree to which chromium (11l) can interact with other smiktituents is limited by the fact
that most chromium (lll) is present in the form of insoluble chromium oxide precipitates
rendering chromium () relatively stable in most soils. Oxidation of chromium (lll) to
chromium (V1) can occur under specific @mnmental conditions with influencing factors
including the soil pHchromium(lll) concentration, presence of competing metal ions,
availability of manganese oxides, presence of chelating agents (i.e., low molecular weight
organic compounds), and soil tgaactivity. Chromium (lll) oxidation is favored under acidic
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conditions, where the increased solubility of chromium (l11) at lower pH enables increased
contact with oxidizing agents. Aside from decreasing soil pH, chromium (IIl) solubility is
enhancedby chelation to low molecular weight compounds such as citric or fulvic acids.
Conversely, factors influencing the reduction of chromium (VI) to chromium (I11) in soil include
soil pH, the presence of electron donors such as organic matter or ferrounabasil oxygen
levels (CEQG, 1999). Chromium reducing action of organic matter increases with decreasing
pH.

Figure5-1 (TCEQ, 2002) shows a generalized-ii diagram for the chromiwwater system.
Chromium (lll) exists over a wide range of Eh and pH conditjers,Cré*, Cr(OH), and CrQ
] while chromium (V1) exists only in strongly oxidizing conditiofesg.,HCrO4 and CrGa).

S LI ECELE SR LA I B R S

T Water oxidized -
+08 HCr0; -:
H6H -1
+04 _— ot 0}~ H

2= -1

0.0 -1
i Cr{OH), \
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—04 o5 |

-08 0
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Figure 5-1. Eh-pH Diagram for Chromium

Generally, groundwater containing high concentrations of chromium is more likely to be
comprised of chromium (VI) than chromium (11l) because chromium (lIl) is more likely to have
precipitated a CpOsx H2O and, to a lesser extent, adsorbed. Chromium (V1) is highly mobile in
groundwaters with neutral to basic phh acidic groundwaters chromium (VI) can be

moderately adsorbed by p#tependent minerals such as iron and aluminum oxides. Under
favorable conditions, chromium (VI) reduces to chromium (lIll) rapidly via ferrous iron, organic
matter, and microbes. Theidation of chromium (lll) to chromium (VI) by dissolved oxygen

and monoxides is kinetically slower (TCEQ, 2002). Redox conditions and pH dominate Cr
speciation and thus are important parameters required for assessment of groundwater data.
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The RSL tal#s no longer contain ridkased screening levels for total chromium (with the
exception of air). Th&JS EPA deleted the total chromiuvaluesdue to uncertainty associated
with the previously applied ratio of trivalent to hexavalent chromium. The com@erthat an
assumed ratio (1:6) had the potential to both uraledt overestimate risk.

For sites where chromium is to be included for analysis, a tiered process should be #pplied.
review of sitespecific geology and geochemistnglicatesconditions are not favorable for the
possible presena® chromium (VI), additional sampling may be conducted to demonstrate that
total chromium is representative of only chromiumh) (I If site-specific speciated data
demonstrate the absendecbromium (VI) in background and/or site salieuse of the

chromium (Ill) SSLs may be warrantetlowever, f there is site history sufficient to identify
chromium(VI) as a potential site contaminant, such as the sitequ#yihoused a plating
operdion or soil/water chemistry may allow for speciati@malyses of media (soil and/or
groundwater) should include hexavalent and total chromium in the analytical suite along with
determination of pH (water samples) and Eh to assess chemical state. Gompktie
speciesspecific datacanbe compared to representative background concentrations.

If site history does not indicate a known source for chron{Min the data (soil and/or
groundwateryshouldbe analyzed for total chromium. If the site levafisotal chromium are

within background, no additional analyses would be required (chromium would drop from the
risk assessment as a constituent of concern). However, if the total chromium concentrations are
statistically different (using a 95% confidenievel) from background for soil or if chromium
appears to be a site contaminant in groundwater, diénexl approackhouldbe applied:

1. A more detailed review of the site history should be conducted to see if there were any
potential sources for chromiu(1) or any processes that could have resulted in an
alteration of speciation (such as introduction of acids). If there is no powmniiak, or
it does not appear that any other chemicals or contaminants are present that may have
altered the speciation @fr, and this can be documented, no additional analyses will be
required and the data may be evaluated as total chromium. Pallmcludes derived
screening levels for total chromium, using the methodology outlined in this document
and assuming a ratio of chromiywl) to chromium(lil) of 1:6.

2. If there is a potential source for chromikf) or the data are statistically different
(using a 95% confidence level) from background, additional sampling should be
conducted to determine speciation. The spespesific data will then be compared to
the trivalent and hexavalent chromium NMED screening levels presented inAFable

5.2 Essential Nutrients

Essential nutrients are naturally occurring inorganic constituents that are essential for human
health in trace amounts but may be toxic in high doses. Inorganics classified as essential
nutrients that do not have published toxicigtajfrom the US EPA2003 recommended
hierarchy of sourcésnay be eliminated from further consideration in the risk assessments if
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they are detected in soil at concentrations that would not cause adverse effects to human health
or the environment. Inganics classified as essential nutrients that could be naturally occurring
and do not have published toxicity data include: calcium, chloride, magnesium, phosphorous,
potassium, and sodium.

Soil screening levels were calculated based upon dietary guadeliThe Institute of Medicine of

the National Academy of Sciences has developed dietary guidelines for essential nutrients which
include tolerable upper intake levels (ULs), recommended daily allowances (RDAs), and
adequate intakes (AI$NAP, 2011 and @06). A UL is the highest average daily intake level

likely to pose no risk of adverse health effects to most individuals within the general population.
As intake increases above the UL, the potential risk of adverse effects may increaseanBDAs
Als are the daily dietary intake levels of a nutrient considered to be sufficient within an age
group. Screening levels for essential nutrients were calculated for three different types of
receptors (industrial worker, resident, and construction worker).ULHRDA/AI was selected

for industrial and construction workers based on an adult age group; for residents, levels were
selected for a child age group.

The SSLs were derived using ULs and if an UL was not available, the more conservtitese of
available PAs or Alswasutilized. Screening levels were calculated using Equ#&ticand the
toxicity data provided in Table-5for ingestion of soil only.Screening levels are provided in
Table A1. Risk to essentialutrientsmay be tabulated separately fratmerchemicals as
toxicity is based on intake recommendatiohi&ke noncarcinogens, a HQ or HI above 1.0
indicates excess risk may be present and additevadliationmay be required.

Table 5-1. Soil Screening Levels for Essential Nutrients

Upper Level (UL) | Upper Level (UL) or
or Adequate Adequate Intake (Al),
Intake (Al), Child Adult
Essentid Nutrient (mg/day) (mg/day)
Calcium 2500 UL 2000 UL
Chloride 2300 UL 3600 UL
Magnesium 65 UL 350 UL
Phosphorus 3000 UL 4000 UL
Potassium 3000 Al 4700 Al
Sodium 1500 UL 2300 UL

ULs and Als taken from The National Academies Press (2011 and 2008nited States
Tolerable Upper Intake Leve{2014)
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Equation 61
Calculation of SSLs for Essential Nutrients
Y 000"y
Y '0Y5 00000
Parameter Definition (units) Default
SSlen Soil screening level for essential nutrients Chemicalspecific
(mg/kg)
DI Daily intake (UL, RDA or Al) (mgday) Chemicalspecific
AT Averaging time (365 day/yr x ED) Receptorspecific
IR Ingestion rate (mg/day)
Industrial worker 100
Resident (child) 200
Construction worker 330
CF Conversion factor (1496 kg/mg) 1E-06
EF Exposure frequency (day/yr)
Industrial worker 225
Resident (child) 350
Construction worker 250
ED Exposure duration (yr)
Industrial worker 25
Resident (child) 6
Construction worker 1

The maximum concentratidicongn) of the essential nutrieshould be compareda Equation
62to the SSL provided in Tableb

o
Q

HQ,, =g Cn ga 1 Equation 62

Sk,

L)

If conenfor thesite is below the soBSL, resulting in an HQ of less than ortleen exposure is
not likely to cause adverse effects to receptors, and the inorganic constitudre elayinated
from further evaluation in the risk assessmeiiise risks from essential nutrients may be
discussed separiydrom the overall HI fomoncarcinoges

5.3 Polyfluoraalkyl andPerfluoroalkyl CompoundgPFAS

PFASrefers topolyfluoroalkyl and erfluoroalkylcompoundswhich aresynthetic chemicals
that do not occur naturalljHiowever, once released, they are persistent and niolile
environment. Thesecompoundgand other PFAS) repel oil, grease, and water and have been
used in surface protection products such as carpet and clothing treatmentss tmrgpiager and
cardboard packaginflame retardationsurface friction reducerand firefighting foams.
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PFAS may be divided into two primary categories: polymep@ential precursors) and non
polymer PFAS.The nonpolymer PFAS consists of two major clasgesyfluoroalkyl and
perfluoroalkylsubstancesThe polyfluorinated substances include precursor chemicals. The
perfluorinatedsubstancewere selected asahocuswithin this NMED guidancéecausehe
nonpolymer substancesemorecommonly detected in environmental mediey have been
detectedatinvestigation sitesuspected of containing PFAS or are known sources for PFAS,
preliminaryfederal guidancand screening levels are availaldadhave availablenethods for
analysis

Table5-2 lists themost commorPFASthatshould be include in analytical suites. Irddidn, to
the listed PFAS, four replacement chemicals, GenX, Adona, and F53b majairemmahould
be included in the analytical suite as appropriate bagedsite history

Table 5-2. PFAS Analyte List

Analytical Name Acronym CAS Number
Perfluorotetradecanoic acid PFTeA 376:06-7
Perfluorotridecanoic acid PFTriA 7262994-8
Perfluorododecanoic acid PFDoA 307-55-1
Perfluoroundecanoic acid PFUNA 205894-8
Perfluorodecanoic acid PFDA 33576-2
Perfluorononanoic acid PFENA 375951
Perfluorooctanoic acid PFOA 33567-1
Perfluoroheptanoic acid PFHpA 375859
Perfluorohexanoic acid PFHXxA 307-24-4
Perfluoropentanoic acid PFPeA 270690-3
Perfluorobutanoic acid PFBA 37522-4
Perfluorodecanesulfonic acid PFDS 33577-3
Perfluorononanesulfonic acid PENS 6825912-1
Perfluorooctanesulfonic acid PFOS 1763231
Perfluoroheptanesulfonic acid PFHpS 37582-8
Perfluorohexanesulfonic acid PFHxS 35546-4
Perfluoropentanesulfonic acid PFPeS 270691-4
Perfluorobutanesulfonic acid PFBS 375735
Perfluoroictabesylfonamide PFOSA 75491-6
Fluorotelomer sulphonic acid 8:2 FtS 8:2 39108344
Fluorotelomer sulphonic acid 6:2 FtS 6:2 2761997-2
Fluorotelomer sulphonic acid 4:2 FtS 4:2 75712472-4
2-(N-Ethylperfluoroactanesulfonamido) acetic acif N-EtFOSAA 2991-50-6
2-(N-Methylperfluoroactanesulfonamido) acetic ai N-MeFOSAA 235531-9

Despite the large number of potentially present substances, toxicity studies have only been
conducted on &ew PFAS. While PFAS area class oemergingcompounds, there is much focus
on these substancbkyg State and Federal regulatory communitikss anticipated that there will
bechanges and updated to preliminary screening levels as more data becdadeavai
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Undert he Environment alEPA 2005GeidelineésdonCarkigogem Rigkd s (
Assessment, there saggestiveavidence ofcarcinogenigotential for PFOA EPA estimated a
cancer slope factor of 0.07 per milligram paogram-day (mg/kgday)* based on testicular
tumors However, EPAconfirmed that the lifetimbealth advisory (HApased on noncancer
effects is protective of the cancer endpoifittps://www.epa.gov/sites/production/files/2016
05/documents/pfoa_health_advisory fupdain.pd) As such, only noitarcinogenic screening
levels for PFOA have been derived. There is insufficient data to assess carcinogenic risk to
PFOS and PFHXxS.

When evaluating intake via the soil exposure pathway, screening levels for PFHxS should be
evaluated sing areference doseéRfD) of 2 x 10° mg/(kg-day)as discussed in Appendix Ehe

RfDs for PFOA and PFOS of 2 x ¥@ng/(kg/day) should also be applied. EPA developed a
Health Effects Support Document (HESD) for PFOA and another for PFOS to assist, fede

state, tribal and local officials, and managers of drinking water systems in protecting public
health when these chemicals are present in drinking water (USEPA 2016a, 2016b). The revised
HESD for PFOA (USEPA 2016a) and the HESD for PFOS provide Rillisle the RfDs were
evaluated primarily to derive a basis fortdA for drinking water, they can be applied in

determining preliminary soil screening levels for PFOA and PFOS.

When evaluating groundwater data for ingestbdrinking water, and onli?FHXS is detected,
PFHXS should be evaluated against the health advisory concentration of 0.0 Hpuw/¢ver,
when PFHxS and other longehain PFAs are detected in drinking water, the sum of the
concentrations of all longahain PFAs should be comparted0.07 pg/L. For example, if
PFOS, PFOA, and PFHxS are all detected in the drinking water/groundwater sample, their
concentrations should be summed, and the sum compared to 0.07 pg/L.
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Constituent | Residential | Industrial | Construction Tap
(mg/kg) (mg/kg) Worker Water
Noncancer | Noncancer (mg/kg) (ug/L)
Noncancer
PFHxS 1.56E+00 | 2.60E+01 7.08E+00 | 7.00E022
PFOA 1.56E+00 | 2.60E+01 7.08E+00 | 7.00E022
PFOS 1.56E+00 | 2.60E+01 7.08E+00 | 7.00E022

Table 53. Preliminary Screening Levels forSelect PFASPFOA, PFOS, PFHXS)

@ When evaluating groundwater data for ingestion as drinking water, and only PH
is detected, PFHXS should be evaluated against the health advisory concentratig
0.07 ug/L. When PFHXS and other longehain PFAs are detecteddninking water,
the sum of the concentrations of all longéain PFAs should be compared to 0.07
Mg/L. For example, if PFOS, PFOA, and PFHXS are all detected in the drinking
water/groundwater sample, their concentrations should be summed, and the sun
conpared to 0.07 pg/L.

NA i notavailable

Given the evolution of evaluating the toxicity for these compounds, it is recommended that
any calculated risks/hazardsbe qualitatively discussed in an uncertainty analysis. Results
of the calculation of risk should not, at this time, be used to make regulatory decisions on
closure or corrective action but should guide future decisions about a site pending more
research o1 PFHxS/PFOS/PFOA toxicity.

6.0 TOTAL PETROLEUM HYDROCABON S (TPH)

6.1 TPH Fraction and Indicator Approach

Accurate characterization of TPH releases consisting of complex mixtures of organic compounds
represents a major issue in evaluating the impact of tesgses on human health. One

approach that has been used calls for sampling of indicator compounds, such as benzene,
toluene, ethylbenzene and xylenes (BTEX) and a few PAHSs, and ignoring the overall TPH level.
This approach assumes that impacts to huneafth are largely due to exposure to the indicator
compounds and as long as no risk is posed by the indicator chemicals, exposure to the other
harmful components in the TPH Mixture does not pose a risk to human recéfarsver,

BTEX compounds are thaost readily degraded components of petroleum products and may
disappear well before the rest of the components comprising the TPH Mikiufext, the

amount and types of compounds in a petroleum hydrocarbon release differ widely depending on
the typeof product released and how the release is weathered. For example, low levels of BTEX
are associated with diesel and fuel oils and the low percentages of BTEX components in diesel
and fuel oils can make them difficult to measure accurafBiys, addressg a diesel and/or
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fuel oil release using only indicator compounds (i.e., BTEX and some PAHSs) will not reliably
account for the presence of heavier compounds in the released TPH Mixtur&f2hiz004).

The Total Petroleum Hydrocarbon Criteria WorloGp (TPHCWG) has separated TPH

fractions into groups based on carbon number and aliphatic versus aromatic TBRHENG

has also developed data tables of the physi@mical property values and toxicity values for
these TPH.Similarly, physicechemicalproperty values have been tabulated by the state of
Texas [Figure: 30 TAC 8350.73(e) of thexBsRisk ReductionProgram (TRRP)ule]. This
information allows for the calculation of leaching standards for TPH fractions. Thus, a class of
chemicals, such as aromatics with carbon number equivalents between 8 and 10 (C8 to C10
aromatics) can be simulated using a single set of phgsiemicdand toxicity values.

NMED assesses the potential impact to soil and groundwater from petrbbmad releases

using an approach that combines the evaluation of indicator chemicals and the evaluation of TPH
Fractions. This approach is similar to thascribed by the TPHCWG (TPGCWG, 1997c) and

used in states like Ohio and Louisiarihe TPH fraction and indicator approach is based on the
assessment of:

1 Individual petroleunrelated constituents (indicators) using constittsp@cific toxicity
criteriaand physical/chemical properties, and
1 TPH fractions using fractieapecific toxicity criteria and physical/chemical properties.

NMED has developed generic/default screening levels for the indicator chemicals and TPH
hydrocarbon fractions associated with the petroleum products listed in Falitestreen
releases of TPH hydrocarbon mixtures for protection of human health.

Table 6-1. TPH Compositional Assumption$ Used in Deriving Screening Levels

Petroleum Product Cl11-C22 | C9-C12 C5-C8 C9-C18 C19-C36
Aromatics |Aromatics | Aliphatics | Aliphatics | Aliphatics

Diesel #2/ new crankcase ¢ 60% 40% 0%
#3 and #6 Fuel Oil 70% 30% 0%
Kerosene and jet fuel 30% 70% 0%
Mineral oil dielectric fluid 20% 40% 40%
Unknown oil 100% 0% 0%
Waste Off 0% 0% 100%
Gasoline 43% 45% 1% <1%
aMADEP, 2002
b Compositional assumption for waste oil developed by NMED is based on review of
chromatographs of several types of waste oil.

6.2 Total Petroleum Hydrocarbons in Soil

In some instances, it may be practical to assess areas of soil contamination that are the result of
releases of petroleum products using TPH analyses. TPH results may be used to delineate the
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extent of petroleunnelated contamination at these sites am@ain if the residual level of
petroleum products in soil represents an unacceptable risk to future users of the site. Petroleum
hydrocarbons consist of complex mixtures of compounds, some of which are regulated
constituents while others are not. Irdan, the amount and types of the constituent
compounds in a petroleum hydrocarbon release differ widely depending on what type of product
was spilled and how the spill has weathered. This variability makes it difficult to determine the
toxicity of weahered petroleum products in soil solely from TPH results; however, these results
can be used to approximate risk in some cases, depending upon the nature of the petroleum
product, the release scenario, how well the site has been characterized, andipateghti
potential future land uses.

Site cleanup decisions cannot be based solely on the results of TPH sampling. Rather, the
soil screening levels for TPH in Table € must be used in conjunction with the screening
levels for individual petroleum-related contaminants listed in Table Al for soil exposure

and threat to ground water. The TPH screening levels are not designed to be protective of
exposure to these individual contaminants. Sites with petroleum product releases must be
tested for VOCs, SVOG, and if warranted, metals and PCBs, to determine if other
potentially toxic constituents are present. Sites with unknown oil or waste oil releases must
be tested for VOCs, SVOCs, metals, and PCBs.

The toxicity of petroleum hydrocarbons depends orr ttiassification as aliphatic or aromatic

and on their carbon number/molecular weight. Because TPH is essentially a summation of the
three fractions, CXC22 Aromatics, CaC18 Aliphatics and C1€36 Aliphatics, NMED

derived TPH soikcreening valuearebased on reasonable assumptions about the composition of
petroleum products commonly found at contaminated sites, as shown in Tlable 6

TPH soil screening levels were calculated based on the noncarcinogenic toxicity of the
hydrocarbon fractions as aplde to the ingestion and dermal exposure pathways, weighted
according to the assumed composition of the petroleum product. Ceiling values that account for
exposure pathways and factors that were not considered in the toxicity calculations, including
public welfare concerns related to odors, were used where more conservative (MADEP 2014).

Table 6-2. TPH Soil Screening Levels

Residential Industrial/

Exposure Construction
Petroleum Product (rTF])g kg) Worker Exposure

(mg/kg)

Diesel #2/crankcase oil 1000 3000
#3 and #6 Fuel Oil 1000 3000
Kerosene and jet fuel 1000 3000
Mineral oil dielectric fluid 1800 3800
Unknown oil 1000 3800
Waste Oil 3000 5000
Gasoline 100 500
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Mineral oil based hydraulic fluids can be evaluated for petroleum fraction toxicity using the
screening guidelines from Table36specified for waste oil, because this type of hydraulic fluid
is composed of approximately the same range of carbon fraetsomnaste oil. However, these
hydraulic fluids often contain proprietary additives that may be significantly more toxic than the
oil itself; these additives must be considered on aaité producspecific basis (see ATSDR,
1997). Note that use of altexte screening levels requires prior written approval from the
NMED.

The TPH soil screening levels are based solely on human health considerations related to direct
soil exposure, not ecological risk considerations, protection of surface or groundowater,

potential indoor air impacts from soil vapdhen evaluating TPH contaminated soils, the-soll
to-groundwater pathway should be evaluated to determine the potential for hazardous
constituents in the TPH Mixture to leach/migrate and impact groundwater.

Potential soil vapor impacts shall be evaluated for individual petretelated contaminants
listed in Table Al and following the methodology in Section 2.5 of this guidance.

Note that facilities may be required to remediate to petroleum hydroceoboentrations that

are lower than the concentrations specified by this apprdamdmpliance with riskbased levels
results in a visual or odor nuisance that compromises the aesthetic value and/or land use of the
impacted site.For example, for aelease of diesel fuel in an industrial area, where all the
indicator constituents for petroledinpacted soils are met and the Taldsel range organics

(DRO) hydrocarbon concentration is less than or equal to the applicable screening levels but a
constam, objectionable odor is evident, excavation of the affected soils to aesthetically
acceptable concentrations may be requirElais new clean up goal would be governed by the
aesthetic appearance and odor of the soil only, not a reviseobsskl level.

6.3 Determination of Groundwater and StwtGroundwater Screening Criteria for Petroleum
Hydrocarbon Releases

The groundwater and sdib-groundwatelSL-SSLsaddressed herein are based solely on human
health considerations related to protection of grountgrvd able 63 lists individual petroleum
contaminants such as BTEX, PAH6s, and met hyl
petroleum hydrocarbon releases. These individual compounds should be included in the
evaluation of releases of TPHs to gndwater. Note that these individual contaminants and the
associated PH hydrocarbon fractions were identified as components of petroleum hydrocarbon
releases in New Mexico and other stateld BEEPA Region 6 that could potentially serve as a

source to grondwater.
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Table 6-3. Indicator Compounds Associated with TPH Mixtures in New Mexico

Indicator Compounds

Benzene
Toluene
Ethylbenzene
Xylene
Acenaphthene
Anthracene
Benzo(a)pyrene
Chrysene
Dibenz(a,h)anthracene
Indeno(1,2,3cd)pyrene
Benzo(k)fluoranthene
Benzo(b)fluoranthene
Benzo(a)anthracene
Fluoranthene
Fluorene
Naphthalene
Pyrene
Lead (inorganic)
Metals
Methyl tert butyl ether
Methyl ethyl ketone
Methyl isobutyl ketone

While the evaluation of individual petroleum contaminants is important, it does not evaluate the
total potential impact on groundwater from a TPH release. BTEX compounds are the most
readily degraded components of petroleum products and may disappedaefoedithe rest of

the TPH associated with a petroleum hydrocarbon solda&a on compositions of petroleum
products taken from Volumes 2 and 3 of the TPHCWG report indicate that approximately 15 to
20 percent of most fuels is comprised of high weigbiratics (exclusive of BTEX or PAH).
Evaluating the risk associated with diesel and fuel oil releases based solely on these low BTEX
levels does not provide a reliable representation of the contribution of the heavier chemicals in
TPH to groundwater riskin addition, the components of BTEX are present at very low
percentages in diesel and heating fuels making them difficult to measure accuratetye A
detailed characterization of the TPH contamination is preferred over a characterization based
solelyon indicator chemicals or TPH fractions and the overly conservative risk assumptions
needed to account for the uncertainties associated with the composition of a complex TPH
Mixture released in the environment.

Due to their mobility and toxicity, C8C12aromatics are the most likely fractions to impact

ground water while aliphatics of equivalent carbon number are generally less mobile and less
toxic and heavier weight aromatics tend to be less mobile P9 2004). Thus,NMED has
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calculated groundwat andSL-SSLsfor the aliphatic and aromatic carbon fractions associated
with TPH releases in New Mexico.

The evaluation of indicator chemicals is combined with the evaluation of aliphatic and aromatic
hydrocarbon fractions to determine if a TPH rekeaonstitutes a threat to groundwater.

1 Groundwater screening values for the TPH hydrocarbon fractions were calculated using a
methodology similar to the Tier 1 methodology employed by MADEP and the TRRP
Rule. Groundwater screening values for the TPiktiMes identified in Table-@4 are
listed in Table &4.

1 For the soHto-groundwatetarget soil leachate concentratidosthe petroleum
hydrocarbon fractionsSSLrrH), adjustments are needed to account for solubility
limitations. Therefore, Equatior2sl through 25, similar to the equations used in the
TRRP Rule are employed in the calculation. $heSSLrpH values associated with the
TPH Mixtures are listed in Table&for dilutions factors (DFs) of 1 and 20.

1 If the concentrations in groundwaterceed the groundwater screening levels for
indicator chemicals (Table-A) and/or TPH Mixtures presented in Tabid,Ghe facility
must evaluate the potential for risk to human health using the methodologies
recommended by the New Mexico Ground Water @u8ureau. Similarly, if the
applicable values dL-SSLypH calculated by NMED are exceeded by measured soll
concentrations, the methodologies recommended by the New Mexico Ground Water
Quiality Bureau must be used to further evaluate the risk assowiilteithe release of the
TPH Mixture.

Table 6-4. Groundwater and SL-SSLsfor TPH Mixtures

6.4

Groundwater SL-SSLrpH SL-SSLrpH
Petroleum Product Screening Level DAF=1 DAF=20
(Hg/L) (mg/kg) (mg/kg)
Diesel #2/crankcase oil 1.67E+01 5.72E+03 5.72E+03
#3 and #6 Fuel Oil 2.09E+01 5.40E+03 5.40E+03
Kerosene and jet fuel 1.04E+01 6.99E+03 6.99E+03
Mineral oil dielectric fluid 1.81E+01 1.36E+03 1.1FE+04
Unknown oll 8.58E+01 4.61E+03 4.61E+03
Waste Oil 6.02E+04 3.46E+06 3.46E+06
Gasoline 1.01E+01 6.93E+03 6.93E+03

Application of the Groundwater ar®l -SSLsat Facilities Potentially Impacted by

Petroleum Hydrocarbon Releases

91 Individual PetroleurrRelated Contaminants. The individual petroletgiated

contaminants associated with the release of a TPH Mixture should be identified and
guantified as individual constituents using appropriate analytical methods. Note that
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acenaphtylene, benzolj]fluorene, benzo[ghi]perylene, dibenzjahtline,
dibenz[aj]acridinedibenzo[cg]carbazole, dibenz[ae] pyrene, dibenzo[ah]pyrene,
dibenzo[ailpyrene, -8nethylchloanthrene, and phenanthrene are included as analytes for
someUS EPA methods. Hwever, it is not required that these constituents be evaluated
as indicator chemicals as they are evaluated as components of the aromatic TPH
fractions. For initial screening, the maximuooncentration for each indicator chemical
from the data sethouldbecompare to the appropriate screening level.

91 Hydrocarbon Fractions (or Hydrocarbon Mixtures). The TPH hydrocarbon fractions
should be identified and quantified using an analytical method that has been proposed,
reviewed, and approved by NMED in a jet work plan. Based on the results, the
weight percents (or mass fraction) of the TPH hydrocarbon fractions in the TPH Mixture
should be determined and the screening values for the TPH Mixture most representative
of the actuateleasednixture used toaaluate the potential for impacts to human health.
The weight percent for each hydrocarbon fraction of the TPH Mixture should be
determined by dividing the concentration of each fraction by the total concentration of
the TPH Mixture.

1 Sekct and analyzthe sample with the highest TPH Mixture concentration from the
source area(s) to compare to the identified screening level(s). The sample with the
highest TPH concentration is needed to allow adequate quality assurance recovery
results. he maximum TPHMixture groundwater concentration should be compared to
the groundwater screening level for TPH Mixtures while the maximum soil concentration
should be compared to tis-SSLypH values for the mixture.

Typically, a single sample can be analyzed from aacince area. However, for sites where
different TPH Mixtures have been released, multiple TPH samples may need to be analyzed to
identify appropriate screening values for each of the TPH source areas and ensure a
comprehensive evaluation of potential exfs to human healthThe concentration and weight
percent of each boiling point range in each fraction should be determined and reported.

Any exceedance of a groundwater screening levBLeBSLrpH value for a TPH Mixture should

be subjected to further evaluatjdo include evaluation using the 95UCHKs noted above, that
evaluation should be performed in accordance with the methodologies and recommendations of
the NMED Ground Water Quality Bureau
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Appendix A
State of New Mexico Soil Screening Levels

Table A1 provides State of New Mexico Soil Screening Levels (SSLs), as developed by the
New Mexico Environment Department (NMED) Hazardous Waste Bureau (HWB) and the
Ground Water Quality Bureau Voluntary Remediation Program for chemicals most commonly
associated wi environmental releases within the state. These NMED SSLs are derived using
default exposure parameter valuet€r to Equations in Volume &nd chemicaland State of

New Mexicaspecific physical parameters (as presented in $&ble B-2, and B3 of

Appendix B). These default values are assumed to be appropriately conservative in the face of
uncertainty and are likely to be protective for the majority of site conditions relevant to soil
exposures within New MexicaNote that SSLs are derived usithg appropriate equations
provided in Volume | for noncarcinogens, carcinogens, mutagens, and for vinyl chloride and
trichloroettylene.

However, the NMED SSLs are not necessarily protective of all known human exposure
pathways, reasonable land uses alagical threats. Thus, before applying NMED SSLs at a

site, it is extremely important to compare the conceptual site model (CSM) with the assumptions
upon which the NMED SSLs are predicated to ensure that the site conditions and exposure
pathways matchbse used to develop the NMED SSO@&ble A2 lists the exposure

assumptions that were applied in the calculations of the NMED S6tles comparison

indicates that the site at issue is more complex than the corresponding SSL scenarios, or that
there ae significant exposure pathways not accounted for by the NMED SSLs, then the NMED
SSLs are insufficient for use in a defensible assessment of the site. A more detasipelcHie
approach will be necessary to evaluate the additional pathways aorsiiéans.

For referenceTable A3 shows the variousirget soil leachate concentrations based otathe
water SSL, the NM groundwater protection criterion (20.6.2 New Mexico Administrative Code,
NMAC), and the Federal Maximum Contaminant Level (MCL)ddution attenuation factors
(DAFs) of 1 and 20. The least conservataget leachate concentration to be usedher
screening assessment is provided in Table A

As noted above, separate NMED SSLs are presented for use in evaluating three ghsential
receptor populations: Residential, Industrial/Occupational, and Construction. Each NMED SSL
considers incidental ingestion of soil, inhalation of volatitesn soil (limited to those chemicals
noted as volatile organic compounds [VOCs] within Tdb{8) andbr particulate emissions

from impacted soil, and dermal contact with soil.

Generally, if a contaminant is detected at a level in soil exceeding the most relsABDtSEL,

and the sitespecific CSM is in general agreement with the underlying assumptions upon which

the NMED SSLs are predicated, this result indicates the potential for adverse human health
effects to occur. Conversely, if no contaminants are detabiek the most relevant NMED

SSL, this tends to indicate to the user that environmental conditions may not necessitate remedial
action of the surface soil or the vadose zone.

A detection above a NMED SSL does not indicate that unacceptable exposyuie$aate
occurring. The NMED SSLs are predicated on relatively conservative exposure assumptions and
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an exceedance only tends to indicate the potential for adverse effects. The NMED SSLs do not
account for additive exposures, whether for carcinogammocarcinogenic endpoints. Section

5 of Volume laddresses a methodology by which an environmental manager may determine
whether further sitevaluation is warranted, however, this methodology does not replace the
need for defensible risk assessmentiehedicated.The SSLs also do not account for ingestion

of homegrown produce/animals or the vapor intrusion pathway. If these or other exposure
pathways are complete, additional analyses may be warranted.

The NMED SSLs address a basic subset of expefundamental to the widest array of
environmentallyimpacted sites within the State of New Mexico. The NMED SSLs cannot
address all relevant exposure pathways associated with all sites. The utility of the NMED SSLs
depends heavily upon the understagdif site conditions as accurately reflected in the CSM and
nature and extent of contamination determinations. Consideration of the NMED SSLs does not
preclude the need for sigecific risk assessment in all instances.

Table A4 provides State of New Bkicovapor intrusion screening levels (VISlfer chemicals

most commonly associated with environrti@meleases within the stadedthat are determined

to besufficiently volatile and toxic.A chemical is considered to be sufficiently volatile if its
Henryds | aw const antatmim¥mole prgreatexandita atetujar weighk 1 0
is approximately 200 g/mole or les&.chemical is considered to be sufficiently toxic if the

vapor concentration of the pure component poses an incrementahéfeancer risk greater

than 1EO5 or the noncancer hazard index is greater th@dnThe NMED VISLs calculated for
chemicals in Table Al are sufficiently volatile and toxic to be considered for the vapor intrusion
pathway. The list of chemicals inctled in Table A4 is not comprehensive of all potential

volatile and toxic compounds that may be present in site m#dialatile and toxic constituents

are detected in site media and are not listed in Taile\ASLs should be calculatddllowing

the methodologies herein and risks addres3ée NMEDVISLs are derived using default

exposure parameter valuesfér to Equations in Volume &nd chemicaspecific physical

parameters (as presented in Talidel andB-2 of Appendix B). Thes default values are

assumed to be appropriately conservative in the face of uncertainty and are likely to be protective
for the majority of site conditions relevantiapor intrusiorexposures within New Mexico.
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: . Residential Industrial/ Industri'aI/ Construction | Construction

Regdenhal Soil Occupational Occupa}tlonal Worker Soil Worker Soil Tap Water, Tap Water, SL-SSL,

CAS Soil, Cancer ’ ; Soil, ' ' Cancer Noncancer DAF 20

(mg/kg) Nz)mnc;';\kn(;er So(lrlr’1 C;En)c e Noncancer (Cr:l n/ie; NE)rEC;’;}(n(;er (ng/L) (ng/L) (mg/kg)

Chemical I e (mg/kg) o kg

Acenaphthene 83-32-9 3.48E+03 5.05E+04 1.51E+04 5.35E+02 8.25E+01
Acetaldehyde 7507-0 3.38E+02 2.49E+02 1.64E+03 1.17E+03 7.61E+03 2.17E+02 2.55E+01 1.88E+01 6.58E02
Acetone 67-64-1 6.63E+04 9.60E+05 2.42E+05 1.41E+04 4.98E+01
Acetophenone 98-86-2 7.82E+03 1.30E+05 3.54E+04 1.92E+03 9.64E+00
Acrolein 107-02-8 4.54E01 2.16E+00 4.01E01 4.15E02 1.46E04
Acrylonitrile 107131 4.93E+00 3.99E+01 2.46E+01 1.90E+02 1.29E+02 3.52E+01 5.23E01 4.15E+00 1.95E03
Alachlor 1597260-8 9.51E+01 6.16E+02 4.58E+02 9.16E+03 3.36E+03 2.69E+03 1.37E01 1.86E+02 2.57E02
Aldrin 309-00-2 3.11E01 1.85E+00 1.50E+00 2.75E+01 1.09E+01 8.07E+00 1.98E03 3.31E02 4.88E03
Aluminum 742990-5 7.80E+04 1.29E+06 4.14E+04 1.99E+04 5.97E+05
Anthracene 120-12-7 1.74E+04 2.53E+05 7.53E+04 1.72E+03 8.51E+02
Antimony 744036-0 3.13E+01 5.19E+02 1.42E+02 7.26E+00 6.56E+00
Arsenic 744038-2 7.07E+00 1.30E+01 3.59E+01 2.08E+02 2.16E+02 4.12E+01 8.55E01 3.55E+00 5.83E+00
Atrazine 1912249 2.32E+01 2.16E+03 1.12E+02 3.21E+04 8.19E+02 9.42E+03 3.39E+00 7.02E+02 3.41E02
Barium 744039-3 1.56E+04 2.55E+05 4.39E+03 3.28E+03 2.70E+03
Benzene 71-43-2 1.78E+01 1.14E+02 8.72E+01 7.29E+02 4.23E+02 1.42E+02 4.55E+00 3.32E+01 4.18E02
Benzidine 92-87-5 5.18E03 1.85E+02 1.12E01 2.75E+03 8.12E01 8.07E+02 1.09E03 5.89E+01 4.27E05
Benzo(a)anthracene 56-55-3 1.53E+00 3.23E+01 2.40E+02 1.20E01 6.37E01
Benzo(a)pyrene hydr 1.12E+00 1.74E+01 2.36E+01 2.51E+02 1.73E+02 1.50E+01 2.51E01 6.02E+00 4.42E+00
Benzo(b)fluoranthene 20599-2 1.53E+00 3.23E+01 2.40E+02 3.43E01 6.17E+00
Benzo(K)fluoranthene 207-08-9 1.53E+01 3.23E+02 2.31E+03 3.43E+00 6.05E+01
Beryllium 744041-7 6.44E+04 1.56E+02 3.13E+05 2.58E+03 2.71E+03 1.48E+02 1.24E+01 1.96E+02
aBHC (a-Hexachlorocyclohexane;ldCH) 319-84-6 8.45E01 4.93E+02 4.07E+00 7.33E+03 2.97E+01 2.15E+03 6.93E02 9.18E+01 6.08E03
b-BHC (b-Hexachlorocyclohexane; - HCH) 319857 2.96E+00 1.43E+01 1.04E+02 2.43E01 2.13E02
t-BHC (t-Hexachlorocyclohexane, Lindane) 58899 5.63E+00 2.12E+01 2.83E+01 3.34E+02 1.98E+02 9.43E+01 4.15E01 3.60E+00 3.64E02
1,1-Biphenyl 92-52-4 8.48E+02 3.91E+04 4.43E+03 6.49E+05 3.02E+04 1.77E+05 3.71E+01 8.34E01 1.31E01
Bis(2-chloroethyl) ether 111-44-4 3.11E+00 1.57E+01 1.95E+00 1.37E01 6.05E04
Bis(2-chloroisopropyl) ether 108-60-1 9.93E+01 5.19E+02 3.54E+03 9.81E+00 4.75E02
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(mg/kg) Nz)mnc;';\kn(;er So(lrlr’1 (Z/En)c er Noncancer (Cn? n/ie; NE)rEC;’;}(n(;er (Hg/L) (Mg/L) (ma/kg)
Chemical g/kg 9/kg (mg/kg) g/kg g/kg
Bis(2-ethylhexyl)phthalatédi(2-
ethylhexyl)phthalate, DEHP) 117-81-7 3.80E+02 1.23E+03 1.83E+03 1.83E+04 1.34E+04 5.38E+03 5.56E+01 4.01E+02 2.00E+02
Bis(chloromethyl) ether 542-88-1 2.08E03 1.02E02 4.81E02 7.20E04 3.00E06
Boron 744042-8 1.56E+04 2.59E+05 5.14E+04 3.95E+03 2.51E+02
Bromodichloromethane 75274 6.19E+00 1.56E+03 3.02E+01 2.60E+04 1.43E+02 7.08E+03 1.34E+00 3.77E+02 6.21E03
Bromomethane 74-83-9 1.77E+01 9.45E+01 1.79E+01 7.54E+00 3.43E02
1,3 Butadiene 106990 6.86E01 2.30E+00 3.41E+00 1.08E+01 1.77E+01 2.02E+00 1.81E01 4.17E+00 2.08E03
2-Butanone (Methyl ethyl ketone, MEK) 78933 3.74E+04 4.11E+05 9.17E+04 5.56E+03 2.01E+01
tertButyl methyl ether (MTBE) 163404-4 9.75E+02 3.78E+04 4.82E+03 1.78E+05 2.42E+04 3.31E+04 1.43E+02 6.26E+03 5.53E01
Cadmium 7440439 8.59E+04 7.05E+01 4.17E+05 1.11E+03 3.61E+03 7.21E+01 6.24E+00 9.39E+00
Carbofuran 156366-2 3.08E+02 4 58E+03 1.35E+03 9.36E+01 5.91E01
Carbondisulfide 75150 1.55E+03 8.54E+03 1.62E+03 8.10E+02 4.42E+00
Carbon tetrachloride (Tetrachloromethane) 56-23-5 1.07E+01 1.44E+02 5.25E+01 1.02E+03 2.52E+02 2.02E+02 4.55E+00 4.92E+01 3.67E02
Chlordane 1278903-6 1.77E+01 3.53E+01 8.90E+01 5.56E+02 6.23E+02 1.53E+02 4.48E01 1.27E+00 2.03E+00
2-Chloroacetophenone 532-27-4 1.72E+05 8.12E+05 2.81E+02
2-Chloro-1,3-butadiene 126998 1.75E01 3.80E+01 8.48E01 1.82E+02 3.95E+00 3.40E+01 1.87E01 3.70E+01 1.97E03
1-Chloro-1,1-difluoroethane 75683 1.09E+05 5.15E+05 9.58E+04 1.04E+05 1.07E+03
Chlorobenzene (Monochlorobenzene) 10890-7 3.78E+02 2.16E+03 4.12E+02 7.76E+01 1.08E+00
1-Chlorobutane 109-69-3 3.13E+03 5.19E+04 1.42E+04 6.31E+02 4.53E+00
Chlorodifluoromethane 75456 1.02E+05 4.83E+05 8.98E+04 1.04E+05 8.55E+02
Chloroform (Trichloromethane) 67-66-3 5.90E+00 3.06E+02 2.87E+01 2.00E+03 1.34E+02 3.91E+02 2.29E+00 9.72E+01 1.09E02
Chloromethane 74-87-3 4.11E+01 2.68E+02 2.01E+02 1.26E+03 9.56E+02 2.35E+02 2.03E+01 1.88E+02 9.52E02
b-Chloronaphthalene 91-58-7 6.26E+03 1.04E+05 2.83E+04 7.33E+02 5.70E+01
o-Chloronitrobenzene 88733 1.78E+01 1.84E+02 8.55E+01 2.72E+03 6.28E+02 8.39E+01 2.36E+00 5.49E+01 3.44E02
p-Chloronitrobenzene 100-00-5 8.45E+02 6.16E+01 4.07E+03 9.16E+02 2.99E+04 2.57E+02 1.10E+02 1.79E+01 2.57E01
2-Chlorophenol 95-57-8 3.91E+02 6.49E+03 1.77E+03 9.10E+01 1.15E+00
2-Chloropropane 75-29-6 2.86E+02 1.35E+03 2.51E+02 2.09E+02 1.26E+00
o-Chlorotoluene 95-49-8 1.56E+03 2.60E+04 7.08E+03 2.33E+02 3.56E+00
Chromium 11l 1606583-1 1.17E+05 1.95E+06 5.31E+05 1.36E+04 4.91E+08
Chromium VI 185406299 3.05E+00 2.35E+02 7.21E+01 3.89E+03 6.69E+01 4.98E+02 5.01E01 2.67E+01 1.92E01
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Residential Ressidgntial Industri'aI/ &Qgﬁ;;?iiléal Constructiqn Constructiqn Tap Water, Tap Water, SL-SSL

CAS Soil, Cancer oil, chupatlonal Soil, Worker Soil, | Worker Soil, Cancer Noncancer DAF 20

(mg/kg) Nz)mnc;';\kn(;er So(lrlr’1 C;En)c e Noncancer (Cr:l n/ie; NE)r::c;’gll(n(;er (ng/L) (ng/L) (mg/kg)

Chemical 9/Kg 9/Kg (mg/kg) 9/Kg g/kg

Chromium (Total) 9.66E+01 4.52E+04 5.05E+02 3.14E+05 4.68E+02 1.34E+02 5.70E+00 1.17E+04 2.05E+05
Chrysene 218019 1.53E+02 3.23E+03 2.31E+04 3.43E+01 1.86E+02
Cobalt 7440484 1.72E+04 2.34E+01 8.34E+04 3.88E+02 7.22E+02 3.67E+01 5.98E+00 5.40E+00
Copper 744050-8 3.13E+03 5.19E+04 1.42E+04 7.90E+02 9.15E+02
Crotonaldehyde 123739 3.66E+00 7.82E+01 1.91E+01 1.30E+03 1.30E+02 3.54E+02 4.04E01 1.98E+01 1.42E03
Cumene (isopropylbenzene) 98-82-8 2.36E+03 1.42E+04 2.74E+03 4.47E+02 1.14E+01
Cyanide 57-12-5 1.12E+01 6.33E+01 1.21E+01 1.46E+00 7.13E01
Cyanogen 460195 7.82E+01 1.30E+03 3.54E+02 1.99E+01 8.01E02
Cyanogen bromide 506-68-3 7.04E+03 1.17E+05 3.19E+04 1.80E+03 1.06E+01
Cyanogen chloride 506-77-4 3.91E+03 6.49E+04 1.77E+04 9.99E+02 5.88E+00
DDD 72-54-8 2.22E+01 1.07E+02 7.78E+02 3.17E01 1.12E+00
DDE 72-559 1.57E+01 7.55E+01 5.49E+02 4.62E01 1.63E+00
DDT 50-29-3 1.87E+01 3.62E+01 9.50E+01 5.77E+02 6.59E+02 1.62E+02 2.29E+00 1.00E+01 1.16E+01
Dibenz(a,h)anthracene 53703 1.53E01 3.23E+00 2.40E+01 3.43E02 1.97E+00
1,2-Dibromo-3-chloropropane 96-12-8 8.58E02 5.88E+00 1.18E+00 4.11E+01 5.53E+00 8.29E+00 3.34E03 3.72E01 1.39E03
Dibromochloromethane 124481 1.39E+01 1.23E+03 6.74E+01 1.83E+04 3.40E+02 5.38E+03 1.68E+00 3.78E+02 7.55E03
1,2-Dibromoethane (Ethylene dibromide, EDB) 106934 6.72E01 1.35E+02 3.31E+00 7.38E+02 1.63E+01 1.40E+02 7.47E02 1.69E+01 3.52E04
1,4-Dichloro-2-butene 76441-0 1.15E01 5.58E01 2.59E+00 1.34E02 9.99E05
1,2-Dichlorobenzene (orth®@ichlorobenzene) 95-50-1 2.15E+03 1.30E+04 2.50E+03 3.02E+02 9.08E+00
1,4-Dichlorobenzene (pafRichlorobenzene) 106-46-7 1.29E+03 5.48E+03 6.73E+03 9.08E+04 4.59E+04 2.48E+04 4.82E+00 5.63E+02 1.12E+00
3,3-Dichlorobenzidine 91-94-1 1.18E+01 5.70E+01 4.10E+02 1.25E+00 1.24E01
Dichlorodifluoromethane (Fluorocarbdr?) 7571-8 1.82E+02 8.65E+02 1.61E+02 1.97E+02 7.23E+00
1,1-Dichloroethane (1;DCA) 75-34-3 7.86E+01 1.56E+04 3.83E+02 2.60E+05 1.82E+03 7.08E+04 2.75E+01 3.74E+03 1.36E01
1,2-Dichloroethane (Ethylene dichloride, EDC) 107-06-2 8.32E+00 5.56E+01 4.07E+01 2.86E+02 1.95E+02 5.38E+01 1.71E+00 1.30E+01 2.38E02
cis-1,2-Dichloroethene (cid,2-DCE) 156:59-2 1.56E+02 2.60E+03 7.08E+02 3.65E+01 3.52E01
trans1,2-Dichloroethene (tran$,2-DCE) 156-60-5 2.95E+02 1.61E+03 3.05E+02 9.32E+01 5.03E01
1,1-Dichloroethene (1;DCE) 75354 4.40E+02 2.26E+03 4.24E+02 2.84E+02 1.95E+00
2,4-Dichlorophenol 120832 1.85E+02 2.75E+03 8.07E+02 4.53E+01 8.25E01
1,2-Dichloropropane (propylene dichloride, PDC)  78-87-5 1.78E+01 2.90E+01 8.68E+01 1.37E+02 4.15E+02 2.54E+01 4.38E+00 8.30E+00 2.77E02
1,3-Dichloropropene 542756 2.93E+01 1.41E+02 1.46E+02 6.95E+02 7.81E+02 1.30E+02 4.71E+00 3.88E+01 2.81E02
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CAS Soil, Cancer o, chupatlonal Soil, Worker Soil, | Worker Soll, Cancer Noncancer DAF 20
(mg/kg) Nz)mnc;';\kn(;er So(lrlr’1 C;En)c er Noncancer (Cr:l n/ie; NE)r::c;’gll(n(;er (Hg/L) (Mg/L) (ma/kg)
Chemical g/kg g/kKg (mg/kg) g/Kg g/Kg
Dicyclopentadiene 77-73-6 6.26E+03 1.04E+05 2.83E+04 6.25E01 3.42E02
Dieldrin 60-57-1 3.33E01 3.08E+00 1.60E+00 4.58E+01 1.17E+01 1.35E+01 1.75E02 3.72E01 1.06E02
Diethyl phthalate (DEP) 84-66-2 4.93E+04 7.33E+05 2.15E+05 1.48E+04 9.79E+01
Di-n-butyl phthalate (Dibutyl phthalate) 84-74-2 6.16E+03 9.16E+04 2.69E+04 8.85E+02 3.38E+01
2,4-Dimethylphenol 10567-9 1.23E+03 1.83E+04 5.38E+03 3.54E+02 6.45E+00
Dimethyl phthalate (DMP, Phthalic Acid) 100-21-0 6.16E+04 9.16E+05 2.69E+05 6.12E+02 3.57E+00
4,6-Dinitro-o-cresol 534-52-1 4.93E+00 7.33E+01 2.15E+01 1.52E+00 3.98E02
2,4-Dinitrophenol 51-28-5 1.23E+02 1.83E+03 5.38E+02 3.87E+01 6.69E01
2,4-Dinitrotoluene (2,4DNT) 121-14-2 1.71E+01 1.23E+02 8.23E+01 1.82E+03 6.00E+02 5.36E+02 2.37E+00 3.80E+01 4.92E02
2,6-Dintitrotoluene (2,6DNT) 606-20-2 3.56E+00 1.85E+01 1.72E+01 2.76E+02 1.65E+02 8.09E+01 4.85E01 5.64E+00 1.02E02
2,4/2,6Dintrotoluene Mixture 2532114-6 7.83E+00 3.77E+01 2.77E+02 1.06E+00 2.24E02
1,4-Dioxane 12391-1 5.33E+01 1.85E+03 2.57E+02 2.75E+04 1.88E+03 7.85E+03 4.59E+00 5.67E+01 1.63E02
1,2-Diphenylhydrazine 122-66-7 6.66E+00 3.21E+01 2.34E+02 7.80E01 3.79E02
Endosulfan 115297 3.70E+02 5.50E+03 1.61E+03 9.87E+01 2.04E+01
Endrin 72-20-8 1.85E+01 2.75E+02 8.07E+01 2.23E+00 1.35E+00
Epichlorohydrin 106-89-8 4.22E+02 4.27E+01 2.14E+03 2.15E+02 1.22E+04 4.02E+01 2.92E+01 2.05E+00 7.72E03
Ethyl acetate 141-78-6 1.82E+03 8.75E+03 1.63E+03 1.45E+02 5.28E01
Ethyl acrylate 140-88-5 1.45E+02 7.57E+02 5.16E+03 1.57E+01 5.98E02
Ethyl chloride 75-00-3 1.90E+04 8.95E+04 1.66E+04 2.09E+04 1.07E+02
Ethyl ether 60-29-7 1.56E+04 2.60E+05 7.08E+04 3.93E+03 1.52E+01
Ethyl methacrylate 97-63-2 2.73E+03 1.78E+04 3.48E+03 4 55E+02 1.83E+00
Ethylbenzene 10041-4 7.51E+01 3.93E+03 3.68E+02 2.90E+04 1.77E+03 5.80E+03 1.50E+01 8.00E+02 1.23E+01
Ethylene oxide 75-21-8 1.88E01 6.35E+02 9.15E01 2.99E+03 4.26E+00 5.55E+02 1.86E02 6.26E+01 6.65E05
Fluoranthene 206-44-0 2.32E+03 3.37E+04 1.00E+04 8.02E+02 1.34E+03
Fluorene 86-73-7 2.32E+03 3.37E+04 1.00E+04 2.88E+02 8.00E+01
Fluoride 778241-4 4.69E+03 7.78E+04 1.81E+04 1.18E+03 1.20E+04
Furan 110-00-9 7.24E+01 1.15E+03 3.54E+02 1.92E+01 1.22E01
Glyphosate 1071-83-6 6.16E+03 9.16E+04 2.69E+04 2.01E+03 1.33E+02
Heptachlor 76-44-8 1.18E+00 3.08E+01 5.70E+00 4 58E+02 4.15E+01 1.35E+02 2.21E02 2.72E+00 4.97E01
Hexachlorobenzene 118741 3.33E+00 4.93E+01 1.60E+01 7.33E+02 1.17E+02 2.15E+02 9.76E02 1.60E+01 1.89E01
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Residential Ressidgntial Industri'aI/ &Qgﬁ;;?iiléal Constructiqn Constructiqn Tap Water, Tap Water, SL-SSL

CAS Soil, Cancer oil, chupatlonal Soil, Worker Soil, | Worker Soil, Cancer Noncancer DAF 20

(mg/kg) Nz)mnc;';\kn(;er So(lrlr’1 C;En)c e Noncancer (Cr:l n/ie; NE)r::c;’gll(n(;er (ng/L) (ng/L) (mg/kg)

Chemical g/kg 9/kg (mg/kg) g/kg g/kg

Hexachlorel,3-butadiene 87-68-3 6.83E+01 6.16E+01 5.21E+01 9.16E+02 2.40E+03 2.69E+02 1.39E+00 6.30E+00 4.13E02
Hexachlorocyclopentadiene 77-47-4 2.30E+00 5.49E+03 8.67E+02 4.11E01 2.40E+00
Hexachloroethane 67-72-1 1.33E+02 4.31E+01 6.41E+02 6.41E+02 4.67E+03 1.88BE+02 3.28E+00 6.14E+00 3.20E02
n-Hexane 11054-3 6.15E+02 3.20E+03 6.03E+02 3.19E+02 5.57E+01
HMX (Octrahydre1,3,5, ?tetranitre1,3,5, Ztetrazocine) 269141-0 3.85E+03 6.33E+04 1.74E+04 1.00E+03 1.94E+01
Hydrazine anhydride 30201-2 1.78E+00 1.81E+00 1.36E+00 8.54E+00 5.99E+01 2.81E+02 1.10E02 6.26E02 3.81E05
Hydrogen cyanide 74-90-8 1.02E+01 5.72E+01 1.09E+01 1.46E+00 5.22E03
Indeno(1,2,%,d)pyrene 193395 1.53E+00 3.23E+01 2.40E+02 3.43E01 2.01E+01
Iron 743989-6 5.48E+04 9.08E+05 2.48E+05 1.38E+04 6.96E+03
Isobutanollsobutyl alcohol) 78831 1.85E+04 2.75E+05 8.07E+04 5.91E+03 2.10E+01
Isophorone 78591 5.61E+03 1.23E+04 2.70E+04 1.83E+05 1.98E+05 5.37E+04 7.81E+02 3.83E+03 4.23E+00
Lead(refer to Section 2.3.3or analysis oflead) 743992-1 2.70E+02
Lead (tetraethy) 78-00-2 6.16E03 9.16E02 3.54E02 1.24E03 9.41E05
Maleic hydrazide 123331 3.08E+04 4.58E+05 1.35E+05 1.00E+04 3.57E+01
Manganese 743996-5 1.05E+04 1.60E+05 4.64E+02 2.02E+03 2.63E+03
Mercury (elemental) 743997-6 2.38E+01 1.12E+02 2.07E+01 6.26E01 2.09E+00
Mercury (methyl) 2296792-6 7.82E+00 1.30E+02 3.54E+01 1.96E+00 7.58E03
Mercury (salts) 748794-7 2.35E+01 3.89E+02 7.71E+01 4.92E+00 5.13E+00
Methacrylonitrile 126987 7.70E+00 1.23E+02 3.28E+01 1.91E+00 7.43E03
Methomyl 1675277-5 1.54E+03 2.29E+04 6.73E+03 4.98E+02 1.87E+00
Methyl acetate 79209 7.82E+04 1.30E+06 3.54E+05 1.99E+04 7.11E+01
Methyl acrylate 96-33-3 3.50E+02 1.85E+03 3.48E+02 3.90E+01 1.43E01
Methyl isobutyl ketone 108101 5.81E+03 8.16E+04 2.02E+04 1.24E+03 4.80E+00
Methyl methacrylate 80-62-6 1.11E+04 5.65E+04 1.06E+04 1.39E+03 5.22E+00
Methyl styrene (alpha) 98-83-9 5.48E+03 9.08E+04 2.48E+04 7.65E+02 1.89E+01
Methyl styrene (mixture) 25013154 2.73E+02 2.20E+03 4.49E+02 3.73E+01 9.40E01
Methylcyclohexane 108-87-2 5.50E+03 2.59E+04 4.82E+03 6.26E+03 3.16E+02
Methylene bromide (Dibromomethane) 74-95-3 5.79E+01 2.88E+02 5.39E+01 8.00E+00 3.35E02
Methylene chloride (Dichloromethane) 75-09-2 7.66E+02 4.09E+02 1.44E+04 5.13E+03 8.96E+04 1.21E+03 1.18E+02 1.06E+02 4.71E01
1-Methylnaphthalene 90-12-0 1.72E+02 4.06E+03 8.13E+02 5.89E+04 6.06E+03 1.76E+04 1.14E+01 6.11E+02 8.93E01
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CAS Soil, Cancer oil, chupatlonal Sall, Worker Soil, | Worker Soil, Cancer Noncancer DAF 20
(mg/kg) Nz)mnc;';\kn(;er So(lrlr’1 C;En)c er Noncancer (Cr:l n/ie; NE)r::c;’gll(n(;er (Hg/L) (Mg/L) (ma/kg)
Chemical g/kg 9/kg (mg/kg) g/kg g/kg
2-Methylnaphthalene 91-57-6 2.32E+02 3.37E+03 1.00E+03 3.51E+01 2.76E+00
Molybdenum 7439987 3.91E+02 6.49E+03 1.77E+03 9.87E+01 3.98E+01
Naphthalene 91-20-3 4.97E+01 1.62E+02 2.41E+02 8.43E+02 1.11E+03 1.59E+02 1.65E+00 6.11E+00 8.23E02
Nickel 744002-0 5.95E+05 1.56E+03 2.89E+06 2.57E+04 2.50E+04 7.53E+02 3.72E+02 4.85E+02
Nitrate 14797558 1.25E+05 2.08E+06 5.66E+05 3.16E+04 4.25E+02
Nitrite 14797650 7.82E+03 1.30E+05 3.54E+04 1.97E+03 2.66E+01
Nitrobenzene 98-95-3 6.04E+01 1.31E+02 2.93E+02 1.54E+03 1.35E+03 3.53E+02 1.40E+00 1.25E+01 1.44E02
Nitroglycerin 55630 3.13E+02 6.16E+00 1.51E+03 9.16E+01 1.11E+04 2.69E+01 4.47E+01 1.96E+00 1.36E02
p-Nitrophenol
N-Nitrosodiethylamine 55185 7.94E03 1.71E01 1.25E+00 1.67E03 9.94E06
N-Nitrosodimethylamine 62-759 2.34E02 4.93E01 5.03E01 7.33E+00 3.66E+00 2.14E+00 4.91E03 1.60E01 2.04E05
N-Nitrosodin-butylamine 92416-3 7.81E01 3.77E+00 2.46E+01 2.73E02 8.42E04
N-Nitrosodiphenylamine 86-30-6 1.09E+03 5.24E+03 3.79E+04 1.22E+02 1.00E+01
N-Nitrosopyrrolidine 930-55-2 2.54E+00 1.22E+01 8.89E+01 3.70E01 2.30E03
m-Nitrotoluene 99-08-1 6.16E+00 9.16E+01 2.69E+01 1.74E+00 2.50E02
o-Nitrotoluene 88-72-2 3.16E+01 7.04E+01 1.65E+02 1.17E+03 1.13E+03 3.19E+02 3.14E+00 1.61E+01 4.58E02
p-Nitrotoluene 99-99-0 3.33E+02 2.47TE+02 1.60E+03 3.67E+03 1.18E+04 1.08E+03 4.27E+01 7.07E+01 6.13E01
Pentachlorobenzene 608935 4.93E+01 7.33E+02 2.15E+02 3.07E+00 3.52E01
Pentachlorophenol (PCP) 87-86-5 9.85E+00 2.34E+02 4.45E+01 3.18E+03 3.46E+02 9.89E+02 4.13E01 2.21E+01 1.52E01
Perchlorate 14797730 5.48E+01 9.08E+02 2.48E+02 1.38E+01 1.17E01
Polyfluoroalkyl and Perfluoroalkyl Compounds (PFAS)- Refer to Section 5.3 on use of these preliminary screening levels
Perfluorohexane sulfonic acid (PFHxS) 33546-4 1.56E+00 2.60E+01 7.08E+00 7.00E02
Perfluorooctane sulfonate (PFO, PFOS) 2795393 1.56E+00 2.60E+01 7.08E+00 7.00E02
Perfluorooctanoic acid (PFOA) 33567-1 1.56E+00 2.60E+01 7.08E+00 7.00E02
Phenanthrene 8501-8 1.74E+03 2.53E+04 7.53E+03 1.70E+02 8.59E+01
Phenol 10895-2 1.85E+04 2.75E+05 7.74E+04 5.76E+03 5.23E+01
Polychlorinatedbiphenyls (PCBs)
Aroclor 1016 1267411-2 6.96E+01 3.98E+00 3.04E+02 5.74E+01 2.44E+03 1.72E+01 2.24E+00 1.40E+00 2.01E+00
Aroclor 1221 1110428-2 1.81E+00 8.57E+00 5.53E+01 5.61E02 1.43E02
Aroclor 1232 11143165 1.86E+00 8.82E+00 5.76E+01 5.61E02 1.43E02
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Residential Ressidgntial Industri'aI/ &Qgﬁ;;?iiléal Constructiqn Constructiqn Tap Water, Tap Water, SL-SSL

CAS Soil, Cancer o, chupatlonal Saill, Worker Soil, | Worker Soll, Cancer Noncancer DAF 20

(mg/kg) Nz)mnc;';\kn(;er So(lrlr’1 C;En)c er Noncancer (Cr:l n/ie; NE)r::c;’gll(n(;er (Hg/L) (Mg/L) (ma/kg)

Chemical g/kg g/kKg (mg/kg) g/Kg g/Kg

Aroclor 1242 5346921-9 2.43E+00 1.09E+01 8.53E+01 7.86E02 1.84E01
Aroclor 1248 12672296 2.43E+00 1.07E+01 8.53E+01 7.86E02 1.81E01
Aroclor 1254 11097691 2.43E+00 1.14E+00 1.10E+01 1.64E+01 8.53E+01 4.91E+00 7.86E02 4.01E01 3.08E01
Aroclor 1260 1109682-5 2.43E+00 1.11E+01 8.53E+01 7.86E02 8.25E01
2,2'.3,3',4,4' Heptachlorobiphenyl (PCB 17( 3506530-6 3.75E01 3.98E01 1.77E+00 5.74E+00 1.31E+01 1.72E+00 5.99E02 1.40E01 6.42E01
2,2'.3,4,4',5,5Heptachlorobiphenyl (PCB 18( 3506529-3 3.75E+00 3.98E+00 1.77E+01 5.74E+01 1.31E+02 1.72E+01 5.99E01 1.40E+00 6.29E+00
2,3,3',4,4' 5,5Heptachlorobiphenyl (PCB 18 3963531-9 1.25E+00 1.33E+00 5.81E+00 1.91E+01 4.37E+01 5.73E+00 3.95E02 4.01E01 4.15E01
2,3'4,4'5,5Hexachlorobiphenyl (PCB 167) | 5266372-6 1.25E+00 1.33E+00 5.78E+00 1.91E+01 4.37E+01 5.73E+00 3.95E02 4.01E01 2.48E01
2,3,3',4,4' 5Hexachlorobiphenyl (PCB 157) | 6978290-7 1.25E+00 1.33E+00 5.78E+00 1.91E+01 4.37E+01 5.73E+00 3.95E02 4.01E01 2.53E01
2,3,3',4,4' BHexachlorobiphenyl (PCB 156) 38380084 1.25E+00 1.33E+00 5.75E+00 1.91E+01 4.37E+01 5.73E+00 3.95E02 4.01E01 2.53E01
3,3',4,4',5,5Hexachlorobiphenyl (PCB 169) | 32774166 1.25E03 1.33E03 5.78E03 1.91E02 4.37E02 5.73E03 3.95E05 401E04 2.48E04
2',3,4,4' 5Pentachlorobiphenyl (PCB 123) 6551044-3 1.25E+00 1.33E+00 5.73E+00 1.91E+01 4.37E+01 5.73E+00 3.95E02 4.01E01 1.55E01
2',3',4,4',5Pentachlorobiphenyl (PCB 118) 3150800-6 1.25E+00 1.32E+00 5.64E+00 1.91E+01 4.37E+01 5.73E+00 3.95E02 4.01E01 1.52E01
2'3,3',4,4Pentachlorobiphenyl (PCB 105) 32598144 1.25E+00 1.32E+00 5.64E+00 1.91E+01 4.37E+01 5.73E+00 3.95E02 4.01E01 1.55E01
2,3,4,4',5Pentachlorobiphenyl (PCB 114) 7447237-0 1.25E+00 1.33E+00 5.73E+00 1.91E+01 4.37E+01 5.73E+00 3.95E02 4.01E01 1.55E01
3,3',4,4',5Pentachlorobiphenyl (PCB 126) 57465288 3.75E04 3.98E04 1.72E03 5.74E03 1.31E02 1.72E03 1.19E05 1.20E04 4.55E05
3,3',4,4Tetrachlorobiphenyl (PCB 77) 3259813-3 3.75E01 3.98E01 1.77E+00 5.74E+00 1.31E+01 1.72E+00 5.99E02 1.40E01 1.41E01
3,4,4' 5Tetrachlorobiphenyl (PCB 81) 7036250-4 1.25E01 1.32E01 5.66E01 1.91E+00 4.37E+00 5.73E01 3.95E03 4.01E02 9.27E03
Prometon 1610180 9.25E+02 1.37E+04 4.04E+03 2.50E+02 1.92E+00
Propylene oxide 75-56-9 2.56E+01 9.14E+02 1.33E+02 4.31E+03 8.55E+02 7.99E+02 2.66E+00 6.26E+01 9.65E03
Pyrene 129-00-0 1.74E+03 2.53E+04 7.53E+03 1.17E+02 1.92E+02
RDX (Hexahydrel,3,5trinitro-1,3,5triazine 121-82-4 8.31E+01 3.01E+02 4.28E+02 4.89E+03 2.96E+03 1.35E+03 9.66E+00 7.96E+01 5.93E02
Selenium 7782492 3.91E+02 6.49E+03 1.75E+03 9.87E+01 1.02E+01
Silver 744022-4 3.91E+02 6.49E+03 1.77E+03 8.12E+01 1.38E+01
Simazine 122-34-9 4. 44E+01 3.08E+02 2.14E+02 4 58E+03 1.57E+03 1.35E+03 6.07E+00 9.40E+01 4.83E02
Strontium 744024-6 4.69E+04 7.79E+05 2.12E+05 1.18E+04 8.33E+03
Styreng(Ethenylbenzene) 100-42-5 7.26E+03 5.13E+04 1.02E+04 1.21E+03 2.06E+01
Sulfolane (thiolane 1,1 dioxide) 126-33-0 6.16E+01 9.16E+02 2.65E+02 2.00E+01 7.49E02
2,3,7,8TCDD 1746:01-6 4.90E05 5.06E05 2.38E04 8.08E04 1.72E03 2.26E04 1.19E06 1.20E05 2.24E04
2,3,7,8TCDF 5120%31-9 4.90E04 2.43E03 1.72E02 1.84E06 7.69E06
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CAS Soil, Cancer oil, chupatlonal Soil, Worker Soil, | Worker Soil, Cancer Noncancer DAF 20

(mg/kg) Nz)mnc;';\kn(;er So(lrlr’1 C;En)c e Noncancer (Cr:l n/ie; NE)r::c;’gll(n(;er (ng/L) (ng/L) (mg/kg)

Chemical 9/Kg 9/Kg (mg/kg) 9/Kg g/kg

1,2,4,5Tetrachlorobenzene 95-94-3 1.85E+01 2.75E+02 8.07E+01 1.66E+00 1.17E01
1,1,1,2Tetrachloroethane 630-20-6 2.81E+01 2.35E+03 1.37E+02 3.89E+04 6.59E+02 1.06E+04 5.74E+00 4.77E+02 3.60E02
1,1,2,2Tetrachloroethane 79-345 7.98E+00 1.56E+03 3.94E+01 2.60E+04 1.97E+02 7.08E+03 7.57E01 3.60E+02 4.81E03
Tetrachloroethene (Perchloroethylene, PCE) 127-184 3.37E+02 1.11E402 1.65E+03 6.29E+02 7.91E+03 1.20E+02 1.13E+02 4.03E+01 3.21E01
Tetryl (Trinitrophenylmethylnitramine) 479458 1.56E+02 2.59E+03 7.06E+02 3.94E+01 5.59E+00
Thallium 7440280 7.82E01 1.30E+01 3.54E+00 1.97E01 2.85E+00
Toluene(Methylbenzene) 108-88-3 5.23E+03 6.13E+04 1.40E+04 1.09E+03 1.21E+01
Toxaphene 8001352 4.84E+00 2.33E+01 1.70E+02 1.58E01 6.96E+00
Tribromomethane (Bromoform) 75252 6.74E+02 1.23E+03 1.76E+03 1.83E+04 2.37E+04 5.38E+03 3.29E+01 3.76E+02 1.47E01
1,1,2Trichloro-1,2, 2trifluoroethane 76131 5.08E+04 2.43E+05 4.53E+04 5.50E+04 3.20E+03
1,2,4Trichlorobenzene 120-82-1 2.40E+02 8.29E+01 1.25E+03 4.23E+02 8.54E+03 7.91E+01 1.15E+01 3.98E+00 3.10E+00
1,1,2Trichloroethane (TCA) 71-556 1.44E+04 7.25E+04 1.36E+04 8.00E+03 5.11E+01
1,1,2Trichloroethane (1,2TCA) 79-00-5 1.88E+01 2.61E+00 9.21E+01 1.24E+01 4.30E+03 2.30E+00 2.75E+00 4.15E01 2.68E02
Trichloroethylengtrichloroethene, TCE) 79-01-6 1.55E+01 6.77E+00 1.12E+02 3.65E+01 5.37E+03 6.90E+00 2.59E+00 2.82E+00 3.10E02
Trichlorofluoromethane (Fluorocarbdri) 75694 1.23E+03 6.03E+03 1.13E+03 1.14E+03 1.57E+01
2,4,5Trichlorophenol 95954 6.16E+03 9.16E+04 2.69E+04 1.17E+03 6.62E+01
2,4,6Trichlorophenol 88-06-2 4.84E+02 6.16E+01 2.33E+03 9.16E+02 1.70E+04 2.69E+02 4.11E+01 1.19E+01 6.74E01
1,1,2Trichloropropane 598-77-6 3.91E+02 6.49E+03 1.77E+03 8.81E+01 5.59E01
1,2,3Trichloropropane 96-18-4 5.10E02 7.09E+00 1.21E+00 3.40E+01 8.26E+00 6.31E+00 8.35E03 6.20E01 5.82E05
Triethylamine 121-44-8 1.93E+02 9.09E+02 1.69E+02 1.46E+01 7.31E02
2,4,6Trinitrotoluene (TNT) 11896-7 2.11E+02 3.60E+01 1.07E+03 5.73E+02 7.50E+03 1.61E+02 2.53E+01 9.80E+00 8.61E01
Uranium (soluable salts) -- 2.34E+02 3.88E+03 2.77E+02 5.92E+01 5.33E+02
Vanadium 744062-2 3.94E+02 6.53E+03 6.14E+02 6.31E+01 1.26E+03
Vinyl acetate 108054 2.56E+03 1.24E+04 2.30E+03 4.09E+02 1.50E+00
Vinyl bromide 593-60-2 2.71E+00 9.66E+00 1.31E+01 4.55E+01 6.12E+01 8.46E+00 1.75E+00 6.26E+00 9.23E03
Vinyl chloride (Chlorothene) 7501-4 7.42E01 1.13E+02 2.84E+01 8.16E+02 1.61E+02 1.62E+02 3.24E01 4.43E+01 1.34E02
m-Xylene 108-38-3 7.64E+02 3.73E+03 6.96E+02 1.93E+02 2.97E+00
o-Xylene 95-47-6 8.05E+02 3.94E+03 7.36E+02 1.93E+02 2.98E+00
p-Xylene 106-42-3 7.92E+02 3.87E+03 7.23E+02 1.93E+02 2.99E+00
Xylenes 1330207 8.71E+02 4.28E+03 7.98E+02 1.93E+02 1.54E+02
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CAS Soil, Cancer o, chupatlonal Saill, Worker Soil, | Worker Soll, Cancer Noncancer DAF 20
(mg/kg) Nz)mnc;';\kn(;er So(lrlr’1 Sin)c e Noncancer (Cr:l n/ie; Nz)rgc;gll(n(;er (ng/L) (ng/L) (mg/kg)
Chemical g/kg g/kKg (mg/kg) g/Kg g/Kg
Zinc 744066-6 2.35E+04 3.89E+05 1.06E+05 5.96E+03 7.41E+03
Essential Nutrients
Calcium 1.30E+07 3.24E+07 8.85E+06
Chloride 1.20E+07 5.84E+07 1.59E+07
Magnesium 1.56E+07 5.68E+06 1.55E+06
Phosphorus 1.56E+07 6.49E+07 1.77E+07
Potassium 1.56E+07 7.62E+07 2.08E+07
Sodium 7.82E+06 3.73E+07 1.02E+07
Notes:

CAS Chemical Abstract Service number

Cw Target Soil Leachate Concentratig@ee Table A3)
DAF Dilution Attenuation Factor

mg/kg milligrams per kilogram

Mg/l micrograms per kilogram
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Table A-2
Default Exposure Factors
Symbol Definition (units) Default Reference
CSh Cancer slope factor oral Chem:spec. See Appendix C
(mg/kg-day)*
IUR Inhalation Unit Risk (ug/m)™ Chem:spec. See Appendix C
RfDo Reference dose oral (mgkg Chem:spec. See Appendix C
day)
RfC Inhalation Reference Chem:spec. See Appendix C

Concentration (mg/M

TR Target cancer risk 1E-05 NMED-specified
value
THQ Target hazard quotient 1 NMED-specified
value
BW Body weight(kg)
-- adult 80 US EPA,2014
-- child 15 US EPA,2014
AT Averaging time (days)
-- carcinogens 25550 US EPA,2014
-- noncarcinogens ED*365
GIABS Fraction absorbed in Chem:spec. See Appendix C
gastrointestinal tract (unitless
SA Exposed surface area for
soil/dust (cri/day)
i adult resident 6,032 US EPA,2014
I adult worker 3,470 US EPA,2014
-- child 2,690 US EPA,2014
SA Exposed surface area for
water exposure (Cfjp
i adult resident 20,900 US EPA,2014
i child resident 6,378 US EPA,2014
AF Adherence factor, soils
(mg/cnr)
i adult resident 0.07 US EPA,2014
T adult worker 0.12 US EPA,2014
-- child resident 0.2 US EPA,2014
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ABS

IRW

IRS

EF

ED

ET

teventa

tevent

PEF

T construction worker 0.3

Skin absorption defaults
(unitless):

I semtvolatile organics Chem-spec
i volatile organics Chem:spec
I inorganics Chem-spec
Drinking water ingestion rate

(L/day)

-- adult 2.5

-- child 0.78
Soil ingestion (mg/day)

-- adult resident 100

-- child resident 200

-- commercial/industrial 100
worker

construction worker 330
Exposure frequency (days/yr

-- residential 350

-- commercial/industrial 225

I construction worker 250
Exposure duration (years)

-- residential 207

-- child 6

-- commercial/industrial 25

i construction worker 1
Exposure time (unitless)

--residential 1
--commercial/industrial 0.33
--construction worker 0.33
Dermal exposure time per 0.71
event,water, adulresident

(hours/event)

Dermal exposure time per 0.54
event,water, childresident

(hours/event)

Particulate emission factor Chem:spec

(m3/kg)

: See Appendix C
: See Appendix C
: See Appendix C

. US EPA, 2002

US EPA,2014

US EPA,2014
US EPA,2014

US EPA,2017
US EPA,2017
US EPA, 20Q

US EPA, 2002

US EPA,2014
US EPA, 20Q
US EPA, 2002

US EPA,2014
US EPA, 1991
US EPA,2014
US EPA, 2002

24 hours/day
8 hours/day
8 hours/day

US EPA,2014

US EPA,2014
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VFs Volatilization factor for soll Chem:spec. US EPA, 20@
(mKkg)
K Andelman volatilization factol 0.5 US EPA, 1991
for water (L/n)
Csat Soil saturation concentration Chem:spec. US EPA, 20@Q
(mg/kg)

aExposureduration for lifetime residents is assumed t®?Bgears total. For carcinogens, exposures are
combined for children (6 years) and adult8 y2ars).
Chem:spec- Chemicalspecific value
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Table A-3. Summary of Soil-to-Groundwater Screening Levels

Riskbased | Risk-based | NMGWMCL - | NMOWIICH -1 ) s51

SSL, DAF 1 SSL, DAF 20 based SSL, DAE 20 ' DAF 20
Chemical (mg/kg) (mg/kg) DAF 1 (mg/kg) (mg/kg) (mg/kg)
Acenaphthene 4,12E+00 8.25E+01 1.54E03 3.09E02 8.25E+01
Acetaldehyde 3.29E03 6.58E02 6.58E02
Acetone 2.49E+00 4.98E+01 4.98E+01
Acetophenone 4.82E01 9.64E+00 9.64E+00
Acrolein 7.29E06 1.46E04 1.46E04
Acrylonitrile 9.77E05 1.95E03 1.95E03
Alachlor 8.78E05 1.76E03 1.28E03 2.57E02 2.57E02
Aldrin 2.44E04 4.88E03 4.88E03
Aluminum 2.99E+04 5.97E+05 5.97E+05
Anthracene 4.25E+01 8.51E+02 8.51E+02
Antimony 3.28E01 6.56E+00 2.71E01 5.42E+00 6.56E+00
Arsenic 2.50E02 4.99E01 2.92E01 5.83E+00 5.83E+00
Atrazine 1.70E03 3.41E02 1.51E03 3.02E02 3.41E02
Barium 1.35E+02 2.70E+03 8.23E+01 1.65E+03 2.70E+03
Benzene 1.90E03 3.80E02 2.09E03 4.18E02 4.18E02
Benzidine 2.13E06 4.27E05 4.27E05
Benzo(a)anthracene 3.18E02 6.37E01 6.37E01
Benzo(a)pyrene 2.21E01 4.42E+00 1.76E01 3.53E+00 4.42E+00
Benzo(b)fluoranthene 3.09E01 6.17E+00 6.17E+00
Benzo(k)fluoranthene 3.02E+00 6.05E+01 6.05E+01
Beryllium 9.79E+00 1.96E+02 3.16E+00 6.32E+01 1.96E+02
aBHC (aHexachlorocyclohexane;ldCH) 3.04E04 6.08E03 6.08E03
b-BHC (b-Hexachlorocyclohexane;HCH) 1.06E03 2.13E02 2.13E02
t-BHC (t-Hexachlorocyclohexane, Lindane) 1.82E03 3.64E02 3.64E02
1,1-Biphenyl 6.56E03 1.31E01 1.31E01
Bis(2-chloroethyl) ether 3.03E05 6.05E04 6.05E04
Bis(2-chloroisopropyl) ether 2.38E03 4.75E02 4.75E02
Bis(2-ethylhexyl) phthalate [Di(zthylhexyl)phthalate, DEHP] 9.99E+00 2.00E+02 1.08E+00 2.15E+01 2.00E+02
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